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Description 

This invention relates to microbiological testing 
apparatus and methods, and more particularly to 
an improved system for facilitating the automatic 5 
incubation and reading of microbiological test trays. 

A number of different types of microbiological 
testing are carried out in trays or strips (referred to 
herein collectively as "trays") which have a number 
of chambers known as test wells or cupules. Such 10 
trays are used, for example, to identify a micro- 
organism, or to determine the susceptibility of that 
organism to a number of antimicrobial agents, 
which latter trays are called susceptibility trays. 
Typically, the test wells or cupules in the identifica- is 
tion trays contain complex chemicals or reagents 
which in the presence of an active fermenting cul- 
ture change colour, become cloudy or otherwise 
indicate that fermentation is or has taken place. 
Similarly, in one known susceptibility test called the 20 
minimum inhibiting concentration (MIC) test, the 
wells contain different dilutions of various anti- 
microbial agents and a growth medium to deter- 
mine the dilution level of the antimicrobial agents 
which is sufficient to kill and/or inhibit growth of the 25 
organism. 

Conventionally, the test reagents and any 
growth medium or antimicrobial agents are placed 
into the test wells in the form of an aqueous 
solution and later lyophilized. A different combina- 30 
tion of reagent or growth medium is charged into 
different wells so that a great number of individual 
reactions are performed in a physically small ap- 
paratus. For example, in the MIC tests, a regular 
pattern of wells arranged in rows and columns 35 
could be provided, each row of wells containing 
different antimicrobial agents. Within a row, the 
concentration of the antimicrobial agents would in- 
crease from well to well by a factor of, for example, 
2. Of course, other dilution ratios could be used. ao 

When a test is to be performed, a micro- 
organism is innoculated into each of the test cham- 
bers with sufficient water to reconstitute the 
reagents. The test trays are then incubated at an 
appropriate temperature, such as 35-37 degrees 45 
Celsius for an extended period of time. After a 
predetermined period, the individual chambers are 
examined for the presence or absence of a reac- 
tion or indication of colour change, or a change in 
turbidity. Heretofore, it is believed that the inspec- so 
tion of the wells for the presence or absence of a 
reaction or indication was done manually at least in 
part. Thus, individual trays each required the use of 
technician's time in the preparation, innoculation, 
incubation and reading of the results. Moreover, 55 
since different test trays might be needed to deter- 
mine different characteristics of the micro-organ- 
isms, the reading of a variety of different trays 
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could be a fairly complex procedure. 

Systems have been provided for automating at 
least a portion of the reading process. In one 
existing system for use in semi-automatically re- 
cording the results of microbiological tests, a test 
tray having a plurality of test wells arranged in a 
certain pattern is placed beneath a transparent 
keyboard. A light source projects light through the 
tray and the keyboard so that the user can view the 
tray with its test wells through the keyboard. The 
keys of the keyboard correspond to the test wells, 
so that the user presses the keys overlying those 
wells in which the certain test results have oc- 
curred in order to record the results of the tests 
conducted in the test wells. Such a method of 
reading the test wells requires a highly skilled 
technician and a good deal of technician's time, in 
addition, the incubation times for identification and 
susceptibility trays may be quite different, with the 
result that the user will be recording the results for 
a particular patient or specimen at two different 
times, with the possibility that the identification and 
susecptibility results might not be properly as- 
signed to the same patient. Moreover, the dif- 
ference in times of incubation for identification and 
susceptibility trays means that the user operator 
must return twice to the incubator for each patient. 

Patent abstracts of Japan vol. 8 No 133, p 281 
[1570] discloses an automatic chemical analyser in 
which a reaction plate with a plurality of reaction 
tubes arranged thereon is passed to a multistage 
thermostatic chamber after passing through a test 
piece injection section and a reagent injection sec- 
tion and then to a measurement station. Following 
the measurement the reaction plate is sent back to 
the original position to be ready for subsequent 
sampling. 

EP-A-12698 discloses an apparatus and meth- 
od for determining the end point in a viral assay in 
which a multi-well assay plate is placed in a slot 
illuminated by a light source. A TV camera is 
positioned above the plate to scan the plate and 
display its image on a screen. 

FR-A-2408136 discloses an apparatus for de- 
termining optical density in which a plate contain- 
ing test wells is mounted on a carrier and moved 
on a track over a light source and read by a 
photoelectric cell. 

US-A-3730364 discloses an apparatus for 
charging samples to an analysing apparatus in a 
prescribed time sequence having a conveyor for 
sequentially moving a series of tray receivers into a 
charging position relative to the analysing appara- 
tus, a reciprocable charging rod for moving a tray 
containing a sample from its respective tray re- 
ceiver on the conveyor into a analysing apparatus 
and having a hook thereon for removing the tray 
from the analysing apparatus following analysis and 
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a device for unloading the residue of the analysis 
from the tray into a collecting box. 

Among the various aspects and features of the 
present invention may be noted the provision of an 
apparatus for automating the microbiological test 
procedure from incubation through to the actual 
reading of the test tray itself; the provision of such 
an apparatus which eliminiates to a large extent the 
necessity of having a highly trained technician to 
read test results; the provision of such an appara- 
tus which ensures that identification and suscepti- 
bility results for the same patient remain together; 
the provision of such an apparatus which is com- 
patible with currently available identification and 
susceptibility test trays; the provision of such an 
apparatus that is flexible enough to use with a 
number of different tray combinations; and the pro- 
vision of such an r apparatus which is relatively 
economical to use. 

According to the invention there is provided a 
microbiological testing apparatus comprising an in- 
cubation chamber for incubating a plurality of 
microbiological test trays, each tray having a plural- 
ity of wells; an Inspection station at which the test 
trays may be inspected; means for moving any 
predetermined test tray as desired from the incuba- 
tion chamber to the inspection station; characteris- 
ed in that said means for moving includes track 
means and at least one carrier capable of carrying 
one test tray in a first location therein and one test 
tray in a second location therein; removing means 
capable of removing the test tray from said first 
location without removing the test tray from said 
second location, the apparatus including means 
including a video camera for producing an image of 
test trays at said inspection station and means for 
processing said image to determine test results. 

Preferably the incubation chamber js disposed 
vertically, the trays being stacked one above an- 
other and the moving means including an elevator 
for moving a predetermined test tray to a level 
corresponding to the inspection station. Means 
may also be provided for moving a tray from the 
incubation chamber to the inspection station and 
back again. 

The elevator may have two stacks. Sensing 
means may be provided to determine the position 
of the elevator; the sensing means may be Hall- 
effect sensors. 

In the preferred embodiment the trays are dis- 
posed in slots in the elevator and sensing means, 
including a photodiode sensor, are provided for 
detecting whether a slot is occupied. 

Trays may be transported from the incubation 
chamber to the inspection chamber along one or 
more parallel tracks and sensing means, which 
may include a Hall-effect sensor, may be provided 
to determine the position of the trays on the track. 



385 B1 4 



The trays are transported by a carrier and each 
carrier may have provision for transporting two 
trays. 

The apparatus may include pulling means en- 
s gageable with the carrier to move it along the track. 

A waste bin may be provided into which redun- 
dant trays may be automatically dumped. A 
photodiode sensor may indicate when the waste 
bin is full. 

w In the preferred embodiment the apparatus fur- 
ther includes dispensing means for dispensing 
reagent from a replaceable reagent source module. 
Individual pumps are provided to dispense particu- 
lar reagents from corresponding nozzles. 

15 The apparatus may include means for control- 
ling temperature and humidity in the incubation 
chamber. 

The carrier may include provision for writing an 
identification code thereon. 

20 The apparatus includes a video camera dis- 
posed to form images of the test tray at the inspec- 
tion chamber. Additional lighting sources and filters 
may be provided. 

In the preferred embodiment the carrier in- 

25 eludes means to locate one or more trays therein 
and access means to permit one of the trays to be 
removed from the carrier for dumping. 

The invention also provides a method for auto- 
matically analysing tests prepared in microbiolog- 

36 ical test trays such as susceptibility trays and iden- 
tification trays, the trays each having a plurality of 
wells, comprising the steps of making an image 
with a video camera of a tray to be read; electron- 
ically analysing only predetermined areas of inter- 

35 est in the image made by the camera, which areas 
of interest are substantially within the outlines of 
the tray wells; for each well of interest, electron- 
ically determining whether an area of interest there- 
in has an associated value that exceeds a predeter- 

40 mined threshold for that area of interest; and elec- 
tronically assigning a binary partial result to each 
well based upon whether a predetermined thresh- 
old for each corresponding area of interest is ex- 
ceeded characterised in that the tests are prepared 

45 in an identification tray and a susceptibility tray 
which are each mounted in a common carrier and 
the common carrier is automatically moved to an 
inspection station where one of the test trays is 
electronically analysed at a first predetermined 

so time and removed from the carrier, and the other 
test tray is then electronically analysed at a later, 
second predetermined time. Other aspects of the 
method and alternatives will be apparent from the 
following description and claims appended hereto. 

55 Other aspects of the invention will be apparent 
from the following description of a preferred em- 
bodiment shown, by way of example only, in the 
accompanying drawings in which:- 
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Figure 1 is a front elevation with parts broken 
away for clarity, of microbiological testing ap- 
paratus of the present invention; 
Figure 2 is a side elevation with parts broken 
away of the apparatus of Figure 1 ; 5 
Figure 3 is a schematic drawing of the internal 
components of the apparatus of Figure 1; 
Figure 4 is a plan view, with parts broken away 
for clarity, of the apparatus of Figure 1 ; 
Figure 5 is a perspective illustration of a tray w 
carrier and transporting means of the present 
invention; 

Figure 6 is a plan view of the tray carrier of 
Figure 5 showing portions of identification and 
susceptibility trays in place; 75 
Figure 7 is a section taken along line 7-7 of 
Figure 6; 

Figure 8 is a front (left end) elevation of the 
carrier of Figure 6; 

Figure 9 is a rear (right end) elevation of the 20 
carrier of Figure 6; 

Figure 10 is a plan view of an identification tray 
suitable for use with the apparatus of the 
present invention; 

Figure 11 is a section taken along line 11-11 of 25 
Figure 10; 

Figure 12 is a plan view of a susceptibility tray 
suitable for use with the apparatus of the 
present invention; 

Figure 13 is an elevation of the tray of Figure 30 
12; 

Figure 14 is a schematic illustration of the 
reagent handling and identification tray removal 
subassemblies of the apparatus of Figure 1; 
Figure 15 is a perspective illustration of the 35 
reagent reservoir of the apparatus of the present 
invention; 

Figure 16 is a schematic illustration of carrier 
presence sensing apparatus of the present in- 
vention; 40 
Figure 17 is a schematic illustration of elevator 
position sensing apparatus of the present inven- 
tion; and 

Figure 18 is a schematic illustration of carrier 
position sensing apparatus of the present inven- 45 
tion. 

The same reference characters indicate similar 
parts throughout the several views of the drawings. 

Referring now to Rgure 1 , there is shown an 
automated microbiological apparatus 11 of the 50 
present invention which includes an incubation 
chamber 13 for incubating a plurality of micro- 
biological test trays, such as susceptibility and 
identification trays 15 and 17 (see Figures 12 and 
10), carried in a common carrier 19 (Figure 1). As 55 
shown in Figures 12 and 10, susceptibility trays 15 
and identification trays 17 each include a plurality 
of wells or cupuies 21 and 23 respectively ar- 



ranged in rows and columns. Referring back to 
Figure 1, common carriers 19 are manually placed 
through an access door (not shown) in a plurality of 
slots 25 in incubation chamber 13. Slots 25 are 
vertically disposed in an elevator 27 which is mov- 
able vertically in incubation chamber 13 by a belt 
driven screw drive 29, of which teflon coated drive 
screw 31 and precision stepper motor 33 are 
shown in Figure 1. Elevator 27 may include, by 
way of example, two rows of thirty slots so that it 
may accommodate up to sixty common carriers 19. 
By means of drive 29, any one of the slots 25 may 
be moved to the level of the lowermost slot shown 
in Rgure 1 so that the common carrier 19 therein 
may be removed through an access port from the 
incubator for processing as discussed below. Tem- 
perature and humidity within incubation chamber 
13 are tightly controlled by means of a number of 
sensors and a heater (not shown) and the humidi- 
fier discussed below. 

More particularly, apparatus 11 also includes a 
housing 35 in communication via the access port 
with the interior of incubation chamber 13. Housing 
35 houses an inspection station 37 and moving 
means 39 for transporting common carriers from 
slots 25 through the access port to the inspection 
station 37 and beyond as described below. A light 
source 41 is disposed above inspection station 37 
and a pair of video cameras 43 are disposed below 
the inspection station. Alternatively, a pair of light 
sources may be used, one above each camera. A 
waste bin 45 is also provided inside housing 35 
having a sensor system including a photodiode 
46A and a photodetector 46B for detecting when 
bin 45 is full. Housing 35 also houses a dispensing 
head 47 for dispensing reagent into identification 
wells 23, and a flipper system including a pair of 
flipper forks 49 for removing identification trays or 
strips from common carriers 19. 

Turning to Figure 2, the two rows of slots 25 in 
elevator 27 are seen to be disposed side by side in 
incubation chamber 13. Carrier transporting means 
39 includes a pair of tracks 51 upon each of which 
ride a separate motor driven carriage 53. Each 
carriage 53 carries a generally L-shaped rod 55 
which is movable into a corresponding recess (see 
Figure 4) in common carrier 19 to move any de- 
sired carrier from its slot 25 in the incubation 
chamber through one of the pair of access ports 56 
(Figure 3) to inspection station 37. Carriers 19 are 
moved from their slots to the inspection station 
along a second pair of tracks 57. 

Dispensing head 47 which is disposed above 
tracks 57 on the opposite side of the inspection 
station 37 from incubation chamber 13, is carried 
by a carriage 59 along a track 61 by a belt drive 63 
including a belt drive stepper motor 65. More par- 
ticularly, dispensing head 47 is movable between 
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the extreme position shown above the rightmost 
track 57 to a corresponding position generally to 
the left of the leftmost track 57 so that any reagent 
may be dispensed into any cupule of the identifica- 
tion tray of a common carrier on either track. 

Although there are a pair of tracks 57 and a 
pair of cameras 43, it is possible to use a single 
light source 41 so long as cool and even illumina- 
tion of the inspection area is achieved. It has been 
found that a cold cathode grip lamp equipped with 
a diffuser plate provides such illumination. Alter- 
natively, a pair of such lamps equipped with dif- 
fuser plates may be used. For convenience, the 
inspection station can be divided into left and right 
halves 37A and 37B, respectively. Below inspection 
station 37A and between that inspection station and 
the corresponding camera 43 is a set of filters 67 
suitably mounted for moving any of a plurality of 
filters to cover the field of view of camera 43. A 
similar set of filters is provided between inspection 
station 37B and rightmost camera 43. These filters 
can be mounted, for example, on a wheel 69 which 
is rotatabie about its axis by a motor 71 so that the 
desired filter can be rotated into place as neces- 
sary. The filters can include colour separation fil- 
ters, neutral density filters/and calibration devices. 
The placement of cameras 43 and filter wheels 69 
is selected so that the largest tray likely to be 
encountered (e.g. a susceptibility tray) lies com- 
pletely within the viewing field of the camera, and 
requires no further motion once it is positioned 
within the viewing field. Camera lens and camera to 
tray distance are optimized to maximize the size of 
the tray in the field and minimize optical distortion. 

Turning now to Figure 3, in addition to the 
components of apparatus 11 mentioned above 
there is shown a signal processing and controlling 
unit 73 for processing the images from cameras 43 
and controlling the various functions of apparatus 
11. The signal processing part of unit 73 may 
include image processors such as those under the 
trade designation System 20.000H by Unitron Im- 
agetek Systems of Plainview, New York; under the 
trade designation IP-512 by Imaging Technology, 
Inc. of Woburn, Massachusetts; under the trade 
designation Model 1000 by Image Technology Cor- 
poration of Deer Park, New York; under the trade 
designation Scan 78/99 of Eikonix Corporation of 
Bedford, Massachusetts; or under the trade des- 
ignation Model 109RM by LogE/Spatial Data Sys- 
tems of Qoleta, California. Signal processing and 
controlling unit 73 not only analyses the images 
from cameras 43 but also, in the manner described 
below, determines from that analysis a partial test 
result for each well in a tray and a total test result 
or results for each tray. Immediately to the right of 
the signal processing and controlling unit 73 are 
shown two temperature controllers 75 for control- 



ling the temperature inside apparatus 11 and par- 
ticularly the temperature inside incubation chamber 
13. Below signal processing and controlling unit 73 
is a reservoir 77 which contains a plurality of (e.g. 

5 twenty) reagents as needed for dispensing into 
identification trays 17. Pumping of reagent from the 
reservoir to the dispensing head 47 is controlled by 
a set of reagent pumps or solenoids 79. To the 
right of reagent solenoids 79 and suitably mounted 

w to opposite sides of the frame of apparatus 11 are 
a pair of precision stepper motors 81 for driving the 
common carrier carriages 53. More specifically, 
motors 81 each are operatively connected to a belt 
drive 83 to drive the corresponding carriage 53 

75 along its track 51 as necessary to move common 
carriers from the incubation chamber to the inspec- 
tion station and to the area beneath the dispensing 
head 47 are necessary. A barrier or bulkhead 85 is 
provided generally to the left of dispensing head 47 

20 and inspection station 37 in Figure 3 to isolate 
waste bin 45 from the inspection station. Bulkhead 
85 includes an inclined plane directly beiow dis- 
pensing head 47 so that wasted reagent (such as 
might appear during priming of the dispensing 

25 head) is directed into waste bin 45. A plurality of 
motor control drives 87 are provided to control the 
energization of motors 81 for the common carrier 
drive, of motor 33 for the elevator drive, of motor 
65 for the dispensing head drive, and of motors 71 

30 for the filter wheels, As will become apparent, 
signal processing and controlling unit 73 includes 
control circuitry for controlling the operation of ap- 
paratus 11 and in particular for controlling motor 
drives 87 to move the various components of the 

35 apparatus in a co-ordinated fashion as described 
below. For example, unit 73 may include a micro- 
computer suitably programmed to control the ap- 
paratus. Alternatively, hard-wired circuitry could be 
provided to perform the same function. A humidifier 

40 89 is also provided to control the humidity in ap- 
paratus 11 and particularly the humidity in incuba- 
tion chamber 13. 

Turning now to Figure 4, each track 57 is seen 
to include a pair of rails 91 and 93 extending from 

45 the access ports adjacent incubation chamber 13 
past the position of dispensing head 47. Rail 91 of 
each track extends beyond rail 93 to facilitate the 
disposal of carrier 19. Tracks 51 also extend gen- 
erally from incubation chamber 13 generally to the 

so opposite side of apparatus 1 1 . Each common car- 
rier includes a recess 95 in which a puller or 
grabber rod 55 may loosely rest to tow desired 
common carrier 19 from its corresponding slot 25 
in the incubation chamber to the position shown in 

55 Figure 4 at the inspection station. By moving the 
appropriate carriage 53 further to the left as seen in 
Figure 4, common carrier 19 may be moved under- 
neath the dispensing head 47. And, if desired, 
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further motion of carriage 53 to the left in Figure 4 
results in the common carrier falling off the end of 
rail 93 directly into waste bin 45. 

Common carrier 19 (shown in more detail in 
Figure 5) includes a generally rectangular frame 97 
having a cross-bar 99 extending thereacross to 
define two central openings 101 and 103. Opening 
101 is sized to receive an identification tray such 
as shown in Figure 10 while opening 103 is sized 
to hold one or more susceptibility trays 15 as 
shown in Figure 12. A ledge 105 above one-half 
way down in opening 101 along the perimeter 
thereof is provided to support an identification tray 
17 in central opening 101. A pair of notches 107 
are provided in the front wall of frame 97 to allow 
the tines 109 of fork 49 to remove an identification 
tray from central opening 101. Notches 107 extend 
below ledge 105 and the tines 109 are sloped 
rearwardly so that as carrier 19 is moved to the 
position of fork 49, the tines pass under the iden- 
tification tray and lift it free of carrier 19. Between 
both forks 49 extends a striker flange 1 1 1 disposed 
generally at the top rear of the forks. 

Similarly, central opening 1 03 includes a ledge 
113 for supporting one or more susceptibility trays 
15. A pair of positioning posts 115 extend up from 
ledge 113 to accurately and securely position a 
susceptibility tray in central opening 103. Common 
carrier 19 also includes an offset 117 extending 
generally out from the frame at the lower right-hand 
corner thereof as shown in Figure 5 for the purpose 
of ensuring that common carrier 19 is loaded into 
incubation chamber 13 with the proper orientation. 
Chamber 13 includes corresponding structure (not 
shown) which prevents the carrier from being in- 
serted into a slot 25 if it is turned the wrong way. 
Also on the rightmost part of frame 97 is a set of 
recesses 119, each in the shape of the numeral 
"8" which are provided to accurately define the 
position at which the user writes down the patient 
or specimen identification information for the trays 
carried by that particular carrier 19. Recesses 119 
also ensure that the identification number can be 
easily read by the image processing system of the 
present invention. Figure 5 also illustrates one of a 
number of alternative embodiments (this one label- 
led 51 A) of track 51. 

Looking now at Figures 6 and 7, frame 97 is 
seen to include an upwardly sloping front surface 
121 up which rod 55 may slide if necessary 
(although it is preferred that such sliding not be 
necessary) as it is pushed into a slot 25 in incuba- 
tion chamber 13. At the uppermost extent of ramp 
121, a descending ramp 123 is provided which 
terminates in recess 95. Another upwardly extend- 
ing ramp 125 is disposed at the rear of recess 95 
and it terminates in a descending ramp 127 which 
descends to the general level of the top of frame 



97. Also shown in Figure 6 is a portion of suscepti- 
bility tray 15 in central opening 103 and a portion 
of identification tray 17 in central opening 101. 
Frame 97 also includes a front lip 129 disposed 

5 generally at the bottom of the frame. In Figure 7, 
cross-bar 99 is seen to be generally C-shaped and 
the recesses 119 are positioned on the upper sur- 
face of a ledge 131 of carrier 19. 

Frame 97 (Rgure 8) has a pair of shoulders 

to 133 at the front which extend out from the body of 
the carrier and provide the front surface from which 
ramp 121 inclines. Similarly, the rear view of carrier 
19 (Figure 9) reveals that frame 97 also defines a 
surface or shoulder 135 for supporting carrier 19 as 

15 it is moved along tracks 57. 

An identification tray 17 (Figure 10) suitable for 
being carried in central opening 101 of carrier 19 
includes a pair of rows of wells or cupules 23 
arranged in columns. The cupules may contain 

20 different reagents, some of which are dispensed 
therein by dispensing head 47, for identifying var- 
ious micro-organisms. Each cupule includes a gen- 
erally circular open or aerobic portion 137 and a 
.generally closed or anaerobic portion 139 in fluid 

25 communication with portion 137. Cupules 23 are in 
fact chambers where reactions take place between 
the reagent therein and the particular sample which 
has been innoculated into each cupule, which reac- 
tions can identify the particular micro-organism 

30 present in the sample. However, not each reaction 
has the same result. In some reactions, a result 
would appear only in section 137, which is exposed 
to air. Other reactions might occur only in the 
anaerobic portion 139 of the cupule. Still other 

35 reactions might be present in both parts of the 
cupule. Such reactions can involve colour change, 
turbidity change, or the formation of a product of 
some generally predetermined shape. Thus, for 
any given cupule it may not be necessary to an- 

40 alyse the entire cupule. It may be that an area of 
interest 141 in section 137 would be the only area 
of that cupule whose image would need to be 
processed. Similarly, for other reactions an area of 
interest 143 in the closed section 139 of cupule 23 

45 may be all that is required. In still other reactions, 
an area of interest 145 extending through both the 
aerobic and anaerobic sections of the cupule may 
be needed. Other possible areas of interest in 
terms of shape, placement, and size could be 

50 needed or desired depending upon the reactions 
involved. 

Cupule 23 (Rgure 11) includes a raised neck 
147 in the area of section 137 and is preferably 
formed out of a single layer of transparent, rela- 
55 tively rigid plastic material. The base of cupule 23 
is formed by a transparent substrate 149 common 
to all the cupules. 

Turning to Figure 12, susceptibility tray 15 
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includes a large number of wells 21 arranged in 
rows and columns. Wells 21 are disposed in a 
relatively flat sheet 151 of rigid plastic material 
having depending shoulders 153 (Figure 13). Along 
two sides, shoulder 153 is extended outwardly and s 
downwardly in a flange 155 having a wall thickness 
sufficiently small to fit between positioning post 
115 and frame 97 of the carrier (Figure 6). An area 
of interest 157 for any wells 21 could be generally 
of the same outline as the well itself, since in w 
susceptibility testing one is normally looking for a 
turbidity change which will be present throughout 
the entire well Other areas of interest could, of 
course, be used. Wells 21 (Figure 13) have a 
convex bottom surface 159 which tends to magnify 75 
the contents of well 23 when that well is viewed 
from below as seen in Figure 13. 

The reagent dispensing and identification tray 
removing features of the present invention are illus- 
trated in more detail in Figure 14. Dispensing head 20 
47 includes two rows of reagent dispensing nozzles 
161 and 163 for dispensing reagent into cupuies 
23. The identification tray can be positioned by rod 
55 as described above so that the aerobic portions 
of cupuies 23 are disposed directly underneath 25 
nozzles 161 and 163. Each nozzle of each row is 
connected by a flexible tube 165 (only two of which 
are shown) through a pair of one-way valves 167 
and 169 and a pumping mechanism 171 to a bottle 
173 of the appropriate reagent. Assuming there are 30 
twenty nozzles, up to twenty different reagents may 
be dispensed into any of the cupuies by appro- 
priate placement of dispensing head 47. 

Each reagent bottle 173 may have associated 
therewith a sensor 175 for detecting when the 35 
reagent bottle is effectively empty. Such a sensor 
175 is illustrated in Figure 14 as a photosensor 
having a light source 175A and a photodetector 
175B. Other sensors could of course be used. 
Assuming reagent is present in reagent bottle 173, aq 
it is pumped by a pumping mechanism 171 (each 
tube and associated reagent has its own pumping 
mechanism 171) through tube 165 to the corre- 
sponding nozzle 161 or 163. Pumping mechanism 
171 includes a solenoid 177 with a plunger 179 45 
disposed on one side of tube 165 while on the 
other side of tube 165 is a flange 181 against 
which tube 165 can be compressed by plunger 179 
when solenoid 177 is energised. The operation of 
solenoid 177, is, of course, under the control of 50 
control circuitry 73. Each time solenoid 177 is 
energised it forces a predetermined amount of 
reagent out of tube 165. Note should be taken that 
tube 165 is normally open and that dispensing of 
reagent occurs only when the tube is closed or 55 
compressed by solenoid 177. This feature is made 
possible by the presence of the two one-way 
valves 167 and 169 which may be duck-bill valves. 



As a result of this arrangement, an accurate 
amount of reagent is dispensed with each opera- 
tion of solenoid 177 and drops from tube 165 are 
prevented from falling from the dispensing head 
after the solenoid is deenergised. 

Each tube 165 is suspended above fork 49 by 
a strap 183 secured to carriage 59. Carriage 59 
also includes a spacer 185 to hold tubes 165 
secure as dispensing head 47 is moved. Carriage 
59 also suitably supports a magnet 187 which 
moves along with carriage 59 as it is moved along 
track 61. Disposed adjacent track 61 but fixed with 
respect thereto is a sensor support 189 which 
fixably support a series of Hall-effect sensors 191 
(only one of which is shown) which determine when 
the dispensing head 47 is properly positioned 
above an identification tray (assuming the iden- 
tification tray is in the position shown in Figure 14) 
to dispense the desired reagent into the desired 
cupule. 

The system for removing and dumping iden- 
tification trays includes not only fork 49 but also a 
pair of solenoids 193 and 195. Fork 49 is rotatably 
mounted on a rod 197 extending therethrough at its 
upper end. Rod 197 defines an axis about which 
fork 49 is pivotable. Rod 197 is fixedly secured to a 
rigid beam 199 of a pair of generally parallel 
beams 1 99 at one end of said beams. The other 
end of beams 199 is pivotably mounted on a 
second rod 201 . 

The plunger of solenoid 193 is fixedly con- 
nected to one end of a lifter bar 203 which has 
solenoid 195 secured to the other end thereof. 
Lifter bar 203 is constrained to move only verti- 
cally, so that when solenoid 193 is energised, it 
raises lifter bar 203 and solenoid 195 to the posi- 
tions shown in phantom in Figure 14. This also 
causes fork 49 to be pushed upwardly without 
rotation of the fork, which results in beam 199 
pivoting around rod 201 to the position shown in 
phantom in Figure 14. If the tines of fork 49 are 
under an identification tray at the time solenoid 193 
is energised, energisation of that solenoid will 
therefore result in the fork and the identification 
tray being moved upward an amount sufficient to 
lift the tray free of carrier 19. Subsequent ener- 
gisation of solenoid 195 causes its plunger to strike 
striker flange 1 1 1 between the forks, forcing both 
forks to pivot about the axis of rod 197 to the 
position shown in phantom in Figure 14. In this 
position, identification tray 17 falls free into waste 
bin 45. Thus, to remove an identification tray from 
a common carrier 19, the tray is first moved by 
tray transporting means 39 to the position some- 
what to the left of that shown in Figure 14 in which 
the tines of fork 49 enter through the notches in the 
front wall of common carrier 19 and pass under 
identification tray 17. Once the common carrier is 
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in this position, solenoid 193 is energised which 
lifts the identification tray free of the carrier. Then 
carrier transporting means 39 is energised to move 
the common carrier back to the position shown in 
Figure 14 or beyond and solenoid 195 is energised 
to discard the identification tray as shown in Figure 
14. 

Turning now to Figure 15, reagent reservoir 77 
is seen to include a mounting plate 205 siidingly 
disposed in a pair of end plates 207 (only one of 
which is shown). A stationary alignment plate 209 
is disposed directly above mounting plate 205 and 
contains a plurality of openings therethrough cen- 
tered directly above the reagent bottles 173. A 
movable top plate 211 is also siidingly secured to 
end plates 207. Top plate 211 has a plurality of 
draw tubes 213 secured thereto which fit through 
the openings in alignment plate 209 for passage 
into reagent bottles 173. Each draw tube 213 is 
suitably connected to its corresponding tube 165. 
This particular construction of reagent reservoir 77 
allows the reagent bottles to be removed as a 
module or unit for replacement, thereby minimizing 
downtime of the apparatus. This removal and re- 
placement is easily accomplished by moving top 
plate 21 1 up with respect to end plates 207 to the 
position shown in Figure 15 and then sliding 
reagent mounting plate 205 along with the reagent 
bottles to left as shown in Figure 15 to remove the 
entire module from the reservoir. A filled reagent 
module can then be inserted in its place and top 
plate 211 moved back down to the position shown 
generally in Figure 14. A spring 215 is provided to 
bias top plate 211 upwardly and to cushion the 
relative motion between top plate 211 and the 
reagent module. In addition, a latch 217 is provided 
to latch the top plate in the operating position 
shown in Figure 14. 

Turning now to Figure 16, a slot 25 in incuba- 
tion chamber 13 is shown with a photoelectric 
sensor consisting of a light source such as a 
photodiode 219 on one side of the slot and a 
photodetector 221 on the other side of the slot. 
When a common carrier 19 is present in the slot as 
shown in phantom in Figure 16, the light from 
photodiode 219 is prevented from reaching 
photodetector 221, but when the common carrier is 
not present the light from the photodiode can fall 
on photodetector 221. Thus, the combination of 
photodiode 219 and photodetector 221 comprise a 
sensor for sensing the presence of a common 
carrier in the particular slot 25 associated with that 
photodiode and photodetector. Each of the 60 slots 
has a photodiode/photodetector combination so 
that the control circuitry can determine at all times 
which slots contain common carriers and which 
slots are empty. 

The control circuitry must not only know which 



slots are empty but also must know the position of 
elevator 27 in incubation chamber 13 since com- 
mon carriers can be removed from the incubation 
chamber only when their particular slot is at the 

5 level of the corresponding access port as shown in 
. Figure 2. The control circuitry determines the posi- 
tion of the elevator by means of a series of 30 Hall- 
effect sensors 223 (Figure 18) fixedly secured to a 
flange 225 which is stationary with respect to the 

10 housing of incubation chamber 13. A magnet 227 is 
suitably mounted on a member 229 which moves 
with elevator 27. There is a sensor 223 correspond- 
ing to each of the slots 25 in a row so that as 
elevator 27 is raised or lowered the Hall-effect 

75 sensors detect the magnet as the magnet is moved 
to each slot position. In this way the control cir- 
cuitry can accurately determine which slot is 
present at the access ports, so that its common 
carrier can be removed from the incubation cham- 

20 ber by the carrier transporting means 39. The use 
of precision stepper motor 33 also helps provide 
accurate control of the position of the elevator. 

Similarly, a series of Hall-effect sensors 231 
are fixedly secured with respect to track 57 and 

25 represent possible desired positions of the com- 
mon carrier. Such desired positions of the common 
carrier could include at the inspection station, at 
the dispensing head and the position at which the 
identification tray is removed by fork 49 from the 

30 carrier. A magnet 233 is suitably mounted to a 
flange 235 which moves with carrier 53. The posi- 
tion of magnet 233 thus accurately represents the 
actual position of the common carrier. Accurate 
positioning of the carriers is also achieved by the 

35 use of precision stepper motors 81. 

The operation of apparatus 11 is as follows: 
The user of apparatus 11 would first innoculate 
identification tray 17 and susceptibility tray 15 in 
the ordinary manner. These trays could be placed 

40 in common carrier 19 either before or after in- 
noculation with the sample to be tested. The user 
would write an identifying number in recesses 119 
on the common carrier and insert the common 
carrier into an empty slot 25 in incubation chamber 

45 13. To insert the carrier into an empty slot the user 
must open the access door (not shown). All doors 
of apparatus 11 are normally locked and are under 
the control of controlling unit 73. To open the 
elevator access door, the user would press a door 

so request switch. In response unit 73 would unlatch 
all doors as soon as any critical operation occurring 
at the time was completed. Such critical operations 
would include any movement of transporting 
means 39, the reading of any tray by the video 

55 cameras, the addition of reagent to the cupules, 
and the development of colour in the cupules. This 
latching feature, implemented in the software of 
unit 73, prevents operator errors such as the inser- 
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tion of a carrier into a slot whose occupant is at the 
inspection station, the changing of a reagent which 
is about to be dispensed, or the removing of the 
waste bin (biohazard bag) at a point when a carrier 
is about to be discarded. 5 

Control circuitry 73 by means of the 
photodiode 219 and photodetector 221 associated 
with the slot in which the carrier was just inserted 
would determine that a common carrier has been 
inserted into that particular slot 25. The control to 
circuitry thereupon directs motor 33 to drive eleva- 
tor 27 to the proper level so that the newly inserted 
tray 19 may be removed from slot 25 and taken to 
inspection station 37. Once the desired slot 
reaches the access port at which it can be re- 15 
moved and taken to the inspection station, it is 
indexed down by stepper motor 33 one-half step 
so that the hook or rod of the carrier transporting 
means can be moved into the incubation chamber 
and placed directly over groove 95. The elevator is 20 
then moved one-half step upwards so that the 
groove in the carrier is engaged by the hook of the 
transporting means. The hook is then moved to the 
left as shown in Figure 1, thereby towing the de- 
sired common carrier along tracks 57 to the in- 25 
spection station. Once the carrier reaches the in- 
spection station as precisely revealed by the ap- 
propriate magnet 231 and Hall-effect sensor 233, 
the number written on the tray is read. This reading 
is accomplished by processing the image of the 30 
tray made by camera 43. More specifically, the 
control circuitry and image processing circuitry is 
programmed so that in this mode of operation its . 
only areas of interest correspond to the line seg- 
ments of recesses 119. The image processing sys- 35 
tern considers only those particular line segments. 
By determining whether a particular line segment 
has been written on (by examining the light level 
coming through that particular segment) it can 
readily determine the particular identification num- 40 
ber written in recesses 119. In a similar fashion, the 
control circuitry can identify the particular type of 
identification and susceptibility trays present in 
common carrier 19 by examining the area of inter- 
est corresponding to a product code for that par- 45 
ticular tray. For example, the susceptibility tray 
shown in Figure 12 has the product identification 
legend "MIC" stamped thereupon. By examining 
areas of interest corresponding to the various seg- 
ments which make up this legend, control circuitry 50 
73 can identify the type of tray. The various kinds 
of identification trays can be similarly identified. 
After identification of the trays and the specimen 
number, the carrier is returned to its slot by trans- 
porting means 39 and the elevator is indexed down 55 
one-half step. Moving the elevator down one-half 
step results in rod 55 being freed from slot 95 in 
the carrier. Rod 55 is then moved out of the 



incubation chamber and the elevator is indexed 
back up. 

To process the images of the numbers written 
in recesses 119 and the images in the wells and 
cupules as discussed below, image processing and 
controlling unit 73 requires uniformity in lighting 
over the inspection station 37. In part, this is 
achieved by the particular light source 41 de- 
scribed above. In addition, the image processor 
also has recorded the background light level at 
each point or pixel in the areas of interest, which 
will account for any variability in the light source. In 
addition, in reading the results of various trays, it 
may be desirable at times to compare the result of 
the image processing for any particular well after 
incubation with that processed image taken gen- 
erally before incubation occurs. For this reason, at 
some initial time T-zero such as thirty minutes after 
the carrier is inserted into the incubation chamber, 
the common carrier it is desired to test is again 
moved by the elevator to the corresponding access 
port and from there moved by transporting means 
39 to the inspection station. Because of the pres- 
ence of the position sensing mechanism of Figure 
18, the tray is accurately and repeatably positioned 
in the same position at inspection station 37 each 
time. Such accuracy is also assured by the use of 
a stepper motor to drive transporting means 39. 
Image processing and controlling unit 73 thereupon 
begins taking baseline readings for each of the 
cupules and wells contained in the trays and carrier 
19 at the inspection station. The image processing 
and controlling unit 73 looks at each cupule and 
well sequentially and more particularly considers 
the image only within the area of interest for each 
particular cupule and well. Unit 73 can be pro- 
grammed to set the particular size, shape and 
placement of the areas of interest so that different 
trays with different tests may be read with the 
same apparatus 11. Once the apparatus identifies 
the particular type of tray as described above, it 
then sequentially inspects the areas of interest that 
have been previously defined for that particular 
tray. For example, the identification tray shown in 
Figure 10 has three exemplary areas of interest 
shown in three different cupules. Other trays might 
have areas of interest of different sizes and/or 
shapes and these areas of interest may or may not 
vary from cupule to cupule for a particular tray. 
Image processing and controlling unit 73 thus looks 
at the area of interest for one cupule and records 
the results, then looks at the area of interest for the 
next cupule and records the results, and so on until 
all the cupules have been examined. The wells of 
susceptibility tray 15 (Figure 12) are sequentially 
examined in a similar manner at the appropriate 
time. 

The output of video camera 43 is a voltage for 
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each picture element or pixel in the areas of inter- 
est. The image processing and controlling unit is 
programmed to count the number of pixels in a 
given area of interest whose associated voltage 
exceeds a particular threshold. For example, in an s 
imaging system capable of resolving 246 grey lev- 
els from black to white, where black is full voltage 
and white is zero voltage, there would be asso- 
ciated with each area of interest a threshold voltage 
value which discriminates between a positive and 10 
negative result for the particular well. The baseline 
measurements being taken, therefore, represent 
the number of pixels in each area of interest that 
have an associated voltage greater than the pre- 
determined threshold. This baseline value is used 75 
later by the image processing and controlling unit 
to determine the actual change in a well after 
incubation period. After the baseline values are 
taken, the carrier is returned to the incubation 
chamber as described before and incubation of the 20 
trays is resumed. 

Image processing and controlling unit 73 has 
preprogrammed information concerning the incuba- 
tion times for the various types of trays which may 
be used therewith. Since the unit has identified the 25 
particular trays as to type in any carrier as de- 
scribed above, it can and does set the incubation 
period for each tray. Typical incubation time might 
be five hours for an identification tray and 24 hours 
for a susceptibility tray. After the five hours of 30 
incubation for a particular identification tray have 
expired, the common carrier carrying that particular 
tray is again moved to the position in which the 
transporting means 39 can remove that carrier from 
the incubation chamber. If in fact the identification 35 
tray is one of those which requires the addition of 
reagent from dispensing head 47 after incubation, 
controller 73 then moves the common carrier by 
means of transporting means 39 to the position 
shown in Figure 14. If it is not already present, the 40 
dispensing head 47 is moved under the control, of 
controller 73 to the proper position over identifica- 
tion tray 17. It may be that more than one reagent 
is desired in any given cupule of identification of 
tray 17. This is accomplished by positioning the 45 
dispensing nozzle corresponding to one of the de- 
sired reagents above the cupule, pumping the de- 
sired reagent into the cupule, and then moving the 
dispensing head again to position the dispensing 
nozzle of the desired second reagent over the 50 
cupule. The second reagent is then pumped into 
the cupule as well. Use of the stepper motor and 
Hall-sensors as discussed above allows this pre- 
cise placement of dispensing head 47. After dis- 
pensing any desired reagents into the proper cup- 55 
ules of identification tray 17 and waiting the appro- 
priate time for any reaction(s) to occur, controller 
73 causes carrier 19 to be moved by transporting 



means 39 back to the inspection station. For cer- 
tain tests, it may be necessary to move the iden- 
tification tray back to the inspection station after 
reagent is added to each cupule. For others, it may 
be possible to wait until reagents have been added 
to all cupules before the carrier is moved to the 
inspection station for reading. At the inspection 
station, the image processing and controlling unit 
again examines the areas of interest in each de- 
sired cupule of the identification tray. Because the 
results of some identification tests may involve 
colour changes, controller unit 73 may control the 
appropriate filter wheel 69 to examine a particular 
cupule one or more times using one or more filters 
to determine if that colour change has in fact taken 
place. For each cupule and more specifically for 
each area of interest within a cupule, the image 
processing and controlling unit determines the 
number of pixels in that area of interest which have 
an associated voltage exceeding the predetermined 
threshold for that area of interest. If that number 
pixels exceeds a predetermined number, a positive 
result is assigned to that cupule. Alternatively, a 
positive result could be assigned to a well or cup- 
ule if the average grey level (voltage) of the area of 
interest exceeded some predetermined threshold. 
These cupule results are called binary partial re- 
sults since they represent only whether a particular 
reaction has taken place in a particular cupule. The 
image processing and controlling unit them analy- 
ses the binary partial results from the cupules to 
determine the possible identity of the micro-or- 
ganism in the sample. This determination is made 
by comparing the partial binary results from this 
particular identification tray with prerecorded pat- 
terns of results for such identification trays. If the 
pattern of binary partial results does not corre- 
sponding to a known pattern, i.e. if the pattern of 
results is illogical in some way, the image process- 
ing and controlling unit causes the carrier to be 
returned to the elevator and a warning message to 
be displayed to the user that that particular iden- 
tification tray should be read manually. On the 
other hand, if the pattern of results for the iden- 
tification tray is logical, the probable identification 
of the micro-organism is recorded by image pro- 
cessing and controlling unit 73 and the common 
carrier is moved to the position where the fork can 
remove the identification tray and dispose of it into 
waste bin 45. The common carrier with its suscep- 
tibility tray still intact is then returned to the incuba- 
tion chamber for additional incubation. 

After the incubation of the susceptibility tray is 
complete, the common carrier carrying the suscep- 
tibility tray is again moved to the inspection station 
where it is read in a similar manner to that of the 
identification trays. In the case of the susceptibility 
tray, however, there will be a series of results 



19 



EP 0 193 385 B1 



20 



which represent the various antimicrobial agents to 
which the micro-organism is susceptible and the 
required concentration of that antimicrobial agent. 
These results are again stored by image process- 
ing and controlling unit 73. After the reading of the 
susceptibility tray, the transporting means 39 pulls 
the common carrier and susceptibility tray along its 
track 57 until the common carrier with the tray fall 
off shorter rail 93 into waste bin 45. Solenoid 193 is 
energised during this operation to remove fork 49 
from the path of the carrier. 

Thus, it is seen that apparatus 11 in a fully 
automated way incubates reads and disposes of 
identification and susceptibility trays while record- 
ing the results of those tests for later use. Other 
types of trays could of course be read in a similar 
manner by apparatus 1 1 , including various bio- 
chemical trays and any other tray which would 
show a predictable reaction change in an area of 
interest. 

Claims 

1. A microbiological testing apparatus comprising 
an incubation chamber (13) for incubating a 
plurality of microbiological trays, each tray 
having a plurality of wells; an inspection station 
(37) at which the test trays may be inspected; 
means for moving (29,39) any predetermined 
test tray as desired from the incubation cham- 
ber (13) to the inspection station (37) charac- 
terised in that said means for moving includes 
track means (57) and at least one carrier (1 9) 
capable of carrying one test tray in a first 
location (101) therein and one test tray in a 
second location (103) therein; removing means 
(49) capable of removing the test tray from 
said first location without removing the test tray 
from said second location; the apparatus in- 
cluding means including a video camera (43) 
for producing an image of test trays at said 
inspection station (37) and means for process- 
ing (73) said image to determine test results. 

2. Apparatus according to Claim 1 , characterised 
thereby that the incubation chamber (13) is 
disposed vertically, with the trays being stac- 
kable therein one above another, and said 
moving means (29, 39) includes an elevator 
(27) for moving predetermined test trays to a 
level corresponding to the inspection station 
(37). 

3. Apparatus according to Claim 2, characterised 
thereby that said moving means (29, 39) fur- 
ther includes means (51, 53) for moving a tray 
located in the incubation chamber (13) at the 
level corresponding to the inspection station 
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(37) from the incubation chamber (13) to the 
inspection station (37). 

4. Apparatus according to Claim 2 or Claim 3, 
characterised thereby that at least one stack of 
trays is disposed in the elevator (27), the stack 
being movable by the elevator (27) to present 
predetermined test trays at the level corre- 
sponding to the inspection station (37). 

5. Apparatus according to Claim 2, 3 or 4, 
characterised thereby that the trays are dis- 
posed in at least two stacks in the incubation 
chamber. 

6. Apparatus according to any preceding Claim, 
further including means (89) for controlling the 
humidity in the incubation chamber (13). 



20 7. Apparatus according to any preceding Claim, 
further including sensing means (223, 227) for 
determining the position of the elevator. 

. 8. Apparatus according to Claims, characterised 
25 thereby that the sensing means (223, 227) 
includes a Hall-effect sensor. 

9. Apparatus according to any preceding Claim, 
characterised thereby that the trays are dis- 

30 posed in slots (25) in the elevator (27) and 

further including sensing means (219, 221) for 
detecting whether a slot is occupied by a tray. 

10. Apparatus according to Claim 9, characterised 
35 thereby that the sensing means (219, 221) 

includes a photodiode sensor. 

11. Apparatus according to any one of the preced- 
ing Claims, characterised thereby that said 

40 track means includes at least two parallel rails 
(51). 

12. Apparatus according to Claim 11 further in- 
cluding sensing means (231 , 233) for deter- 

45 mining the position of the trays on the track 
means. 

13. Apparatus according to Claim 12, characteris- 
ed thereby that the sensing means (231, 233) 

so includes a Hall-effect sensor. 

14. Apparatus according to Claims 11 - 13, further 
including a plurality of said carriers (19) for 
carrying one or more trays each, said carriers 

55 (19) being movable along the track means 
(51). 

* 

15. Apparatus according to anyone of the preced- 
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ing Claims, characterised thereby that the re- 
moving means (49) includes means (109) for 
lifting the tray from the carrier. 

16. Apparatus according to any one of preceding 
Claims characterised thereby that the moving 
means (29, 39) further includes pulling means 
(53) engageable with a carrier (19) to transport 
the carrier along the track means (51). 

17. Apparatus according to Claim 16, characteris- 
ed thereby that the pulling means (53) includes 
a bar (55) engageable in a recess (95) of a 
carrier (19). 

18. Apparatus according to any preceding claim, 
further including a waste bin (45) into which a 
tray may be dumped after the results for that 
tray are determined. 

19. Apparatus according to Claim 18, further in- 
cluding means (46A, 46B) for signalling when 
the waste bin (45) is full. 

20. Apparatus according to any preceding Claim, 
further including dispensing means (77, 171, 
47) for delivering reagents to the trays. 

21. Apparatus according to Claim 20, further in- 
cluding a reagent station, a tray being movable 
from the incubation chamber to the dispensing 
station. 

22. Apparatus according to Claim 20 or Claim 21 , 
characterised thereby that the dispensing 
means includes a plurality of reagent sources 
(173) and a set of tubes (165) extending re- 
spectively from the plurality of reagent sources 
(173) to a dispensing head (47). 

23. Apparatus according to Claim 22, characteris- 
ed thereby that the dispensing means includes 
means (171) for moving fluid through said 
tubes (165) to dispense reagent therefrom. 

24. Apparatus according to Claim 22 or Claim 23, 
characterised thereby that the dispensing 
means further includes valve means (169) for 
providing one way flow through said tubes 
(165) and preventing dripping thereform. 

25. Apparatus according to Claim 24, characteris- 
ed thereby that the valve means (169) includes 
a double-duckbill valve for each of said tubes 
(165). 

26. Apparatus according to any one of Claims 23 
to 25, characterised thereby that the means 
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(171) for moving fluid through said tubes in- 
cludes a solenoid (177) associated with each 
of said tubes (165) which is operable to dis- 
pense a predetermined amount of reagent. 

5 

27. Apparatus according to any one of Claims 22 
to 26, further including sensing means (175A, 
175B) for determining when the quantity of a 
reagent falls below a predetermined level. 

28. Apparatus according to any one of Claims 22 
to 27, characterised thereby that one or more 
of said reagent sources is a replaceable mod- 
ule. 

75 

29. Apparatus according to any one of Claims 22 
to 28, characterised thereby that the moving 
means (29, 39) includes two parallel rails (51), 
and the dispensing means includes a dispens- 

20 ing head (47) mounted generally above one of 

said rails and means (59)are provided for mov- 
ing the dispensing head from one rail to the 
other of said rails. 

25 30. Apparatus as set forth in Claim 29 , charac- 
terised thereby that the means for moving the 
dispensing head includes a third rail (61) dis- 
posed above and generally at right angles to 
said pair of rails (51). 

30 

31. Apparatus according to any one of the preced- 
ing Claims, characterised thereby that said car- 
rier (19) includes a template (119) to facilitate 
the manual entering of identifying information 

35 on said carrier, the identifying information be- 
ing readable by said image processing means. 

32. Apparatus according to any one of the preced- 
ing Claims, further including a light source (41) 

40 for causing light to shine through test trays at 

the inspection station. 

33. Apparatus according to any one of the preced- 
ing Claims characterized thereby that either 

45 the video camera (43) or the light source (41) 
is disposed above the inspection station and 
the other is disposed beneath the inspection 
station. 

50 34. Apparatus according to Claim 32 or 33, char- 
acterized thereby that the light source (41) is a 
cold cathode lamp. 

35. Apparatus according to any one of Claims 32 
55 to 34, characterized thereby that the light 
source (41) includes a diffuser plate to distrib- 
ute light substantially equally over the inspec- 
tion station. 



12 



23 EP 0 



36. Apparatus according to any one of the preced- 
ing Claims, further including filtering means 
(69) for selectively filtering the light received 
by the video camera to determine colours 
present in at least some of the wells. 

37. Apparatus according to Claim 36, character- 
ized thereby that the filtering means (69) also 
includes a neutral density filter. 

38. Apparatus according to Claim 36 or Claim 37, 
characterised thereby that the filtering means 
(69) is disposed on the same side of the 
inspection station as the video camera (43). 

39. Apparatus according to Claim 38, characteris- 
ed thereby that the filtering means (69) and the 
video camera (43) are disposed beneath the 
inspection station (37). 

40. Apparatus according to Claim 1, wherein said 
carrier (19) comprises a relatively rigid frame 
(97) defining one or more central openings 
(101, 103) for receiving the microbiological test 
tray; said frame having a pair of opposed, 
parallel shoulders (133, 135) and detent means 
(95), said moving means (29, 39) further in- 
cluding a pair of parallel rails (91, 93) and 
driving means (55) whereby said parallel shoul- 
ders (133, 135) of said frame (97) are suitable 
in use for riding on said parallel rails (91, 93); 
of said moving means (29, 39) and said detent 
means co-operate with the driving means (55) 
to move the frame (97) along said rails. 

41. Apparatus according to Claim 40, characteris- 
ed thereby that the frame (97) defines two 
openings (101, 103) separated by a cross bar 
(99), each opening being suitable for receiving 
a tray. 

42. Apparatus according to Claim 41, character- 
ized thereby that the openings (101, 103) are 
sized to accommodate two different trays. 

43. Apparatus according to Claim 41 or Claim 42, 
further including access means integrally 
formed in the frame to permit only one of the 
trays to be removed from the carrier means 
(19). 

44. Apparatus according to Claim 43, characteris- 
ed thereby that the access means includes two 
slots (107) extending downwardly from the up- 
per edge of the frame. 

45. Apparatus according to any one of Claims 41 
to 44, characterised thereby that the frame 
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includes one or more projections (115) to hold 
at least one of the trays in position. 

46. Apparatus according to any one of Claims 40 
5 to 45, characterised thereby that the frame (97) 

includes means (117) integrally formed there- 
with and extending generally out from one side 
of the frame for providing a preferred orienta- 
tion for the carrier. 

™ 

47. Apparatus according to any one of Claims 40 
to 46, characterised thereby that the detent 
means (95) includes a recess formed in one of 
the pair of shoulders of the frame. 

15 

48. Apparatus according to Claim 47, characteris- 
ed thereby that the frame includes an upwardly 
extending ramp (121) disposed adjacent the 
recess. 

20 

49. Apparatus according to Claim 47 or Claim 48, 
characterised thereby that said pair of shoul- 
ders both include a recess. 

■ 

25 50. A method of automatically analysing tests pre- 
pared in microbiological test trays such as 
susceptibility trays and identification trays, the 
trays each having a plurality of wells, compris- 
ing the steps of making an image with a video 

30 - camera of a tray to be read; electronically 
analysing only predetermined areas of interest 
in the image made by the camera, which areas 
of interest are substantially within the outlines 
of the tray wells; for each well of interest, 

35 electronically determining whether an area of 
interest therein has an associated value that 
exceeds a predetermined threshold for that 
area of interest; and electronically assigning a 
binary partial result to each well based upon 

40 whether a predetermined threshold for each 
corresponding area of interest is exceeded 
characterised in that the tests are prepared in 
an identification tray and a susceptibility tray 
which are each mounted in a common carrier 

45 and the common carrier is automatically 
moved to an inspection station where one of 
the test trays is electronically analysed at a 
first predetermined time and removed from the 
carrier, and the other test tray is then electron- 

50 ically analysed at a later, second predeter- 
mined time. 

51. A method according to Claim 50, characterised 
thereby that the step of analysing predeter- 
55 mined areas of interest includes analysing 

areas for at least two different wells in a tray 
which differ in shape. 
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52. A method according to Claim 51 or Claim 52, 
characterised thereby that at least two wells of 
interest have different predetermined thresh- 
olds. 

5 

53. A method according to any one of Claims 50 
to 52, including the further step of interposing 
at least one optical filter between a tray in the 
inspection station and the video camera so that 

the binary partial result for at least one well of w 
interest may represent whether a colour 
change has occurred in the well. 

54. A method according to any one of Claims 50 

to 53, characterised thereby that the trays have 75 
an identifying product symbol thereon and fur- 
ther including the step of electronically deter- 
mining the particular type of tray present at the 
inspection station by processing the image 
generated by the video camera of the identify- 20 
ing product symbol on the tray. 

55. A method according to Claim 54, characterised 
thereby that the determining step includes 
electronically analyzing the images only at pre- 25 
determined areas where the product symbol is 
located. 

56. A method according to any one of Claims 50 

to 55, characterised thereby that the tray in- 30 
eludes a position for manually writing thereon, 
and further including the step of electronically 
reading the writing by processing at least one 
predetermined area of interest in the image 
corresponding to the position of the writing. 35 

57. A method according to Claim 56, characterised 
thereby that the position of the writing in the 
image includes a plurality of areas of interest 

for each symbol of the writing and said step of 40 
electronically reading the writing includes elec- 
tronically reading each symbol. 

58. A method according to any one of Claims 50 

to 57, characterised thereby that the determin- 45 
ing step includes determining the number of 
pixels in the area of interest that have a volt- 
age which exceeds a predetermined voltage 
and assigning a binary partial result to each 
well based upon the number of pixels that 50 
exceed the predetermined voltage. 

59. A method according to any one of Claims 50 
to 58, further including the step of storing a 
background light level for each pixel at least in 55 
the areas of interest to account for spatial 
variability of the light. 



60. A method according to any one of Claims 50 
to 59, characterised thereby that said step of 
preparing the tests includes incubating the 
trays for a predetermined time and further in- 
cludes the step of analysing a video image of 
the tray before significant incubation thereof to 
determine baseline values for that tray. 

61. A method according to Claim 60, further in- 
cluding the step of comparing the baseline 
values for each well with values of each well 
after incubation. 

62. A method according to any one of Claims 50 
to 61 , further including the step of determining 
the identity of a micro-organism by electron- 
ically analyzing the binary partial results of the 
individual identification tray wells. 

63. A method according to any one of Claims 50 
to 62, further including the step of determining 
the susceptibility of a micro-organism by elec- 
tronically analysing the binary partial results of 
the individual susceptibility tray wells. 

64. A method according to any one of Claims 50 
to 63 further including the steps of sequentially 
electronically analysing the wells of interest in 
a tray to generate a series of binary partial 
results. 

65. A method according to any one of Claims 50 
to 64, including the step of programming the 
relative locations of the predetermined areas of 
interest. 

66. A method according to any one of Claims 50 
to 65, including the step of programming the 
shape of the predetermined areas of interest. 

67. A method according to any one of Claims 50 
to 66, characterised thereby that said step of 
preparing the test trays includes placing the 
trays in an incubator prior to electronic analy- 
sis thereof and electronically recording the 
identity and position of a tray in the incubator 
after it is placed in the incubator. 

68. A method according to Claim 67, further in- 
cluding the steps of transporting the tray from 
the incubator to an inspection station, deter- 
mining the identity of the tray by processing 
the video image, and transporting the tray back 
to the incubator. 

69. A method according to any one of Claims 50 
to 68, including the further step of electron- 
ically recognising illogical combinations of bi- 
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nary partial results and signalling that fact. 

70. A method according to Claim 69, including the 
further step of retaining said tray when an 
illogical combination is detected. 

Revendications 

1. Appareil d'analyse microbiologique compre- 
nant une chambre d'incubation (13) destin£e k 
Tincubation d'une plurality de plaques pour 
tests microbiologiques, chaque plaque com- 
portant une plurality de puits, un poste d'ins- 
pection (37) auquel les plaques pour tests peu- 
vent etre inspect^es, un dispositif pour depla- 
cer (29, 39) une plaque pour tests predetermi- 
ne quelconque, comme on le souhaite, de la 
chambre d'incubation (13) vers le poste d'ins- 
pection (37), caract£ris£ en ce que le dispositif 
de dSplacement comprend des voies (57) et 
au moins un support (19) capable de supporter 
une plaque pour tests dans un premier empla- 
cement (101) et une plaque pour tests dans un 
second emplacement, un dispositif d'evacua- 
tion (49) capable d'enlever la plaque pour tests 
du premier emplacement sans enlever la pla- 
que pour tests du second emplacement, Pap- 
pareil comprenant des moyens comportant une 
camera video (43) pour produire une image 
des plaques pour tests au poste d'inspection 
(37) et un dispositif (73) pour trailer ('image en 
vue de determiner des resultats de tests. 

2. Appareil suivant la revendication 1, caract6ris6 
en ce que la chambre d'incubation (13) est 
disposes verticalement, les plaques pouvant 
etre empilees les unes sur les autres dans 
cette chambre et le dispositif de d£ placement 
(29, 39) comprend un eievateur (27) afin 
d'amener des plaques pour tests prSdStermi- 
n€es k un niveau correspondant au poste 
d'inspection (37). 

3. Appareil suivant la revendication 2, caract£ris€ 
en ce que le dispositif de defacement (29, 
39) comprend, en outre, des moyens (51, 53) 
pour d£placer une plaque plac£e dans !a 
chambre d'incubation (13), au niveau corres- 
pondant au poste d'inspection (37), de la 
chambre d'incubation (13) vers le poste d'ins- 
pection (37). 

4. Appareil suivant la revendication 2 ou 3, carac- 
t§ris€ en ce qu'au moins une pile de plaques 
est dispos§e dans I'el6vateur (27), la pile pou- 
vant etre deplac^e par reievateur (27) afin de 
presenter des plaques pour tests prgdStermi- 
n£es au niveau correspondant au poste d'ins- 
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pection (37). 

5. Appareil suivant la revendication 2, 3 ou 4, 
caract£ris6 en ce que les plaques sont dispo- 

5 s£es en au moins deux piles dans la chambre 

d'incubation. 

p ■ 

6. Appareil suivant t'une quelconque des revendi- 
cations prec£dentes, comprenant, en outre, un 

to moyen (89) pour rSgler I'humidite dans la 
chambre d'incubation (13). 

7. Appareil suivant I'une quelconque des revendi- 
cations pr£c£dentes, comprenant, en outre, un 

75 dispositif de detection (223, 227) pour determi- 

ner la position de l'6l£vateur. 

8. Appareil suivant la revendication 7, caract£ris£ 
en ce que le dispositif de detection (223, 227) 

20 comprend un capteur k effet Hall. 

9. Appareil suivant I'une quelconque des revendi- 
cations pr£cedentes, caract£rise en ce que les 
plaques sont disposees dans des fentes (25) 

25 dans reievateur (27) et comprenant, en outre, 

un dispositif de detection (219, 221) pour de- 
tector si une fente est occup£e par une pla- 
que. 

30 10. Appareil suivant la revendication 9, caract£ris£ 
en ce que le dispositif de detection (219, 221) 
comprend un capteur k photodiode. 

t r ■ 

11. Appareil suivant I'une quelconque des revendi- 
35 cations pr£cedentes, caracterise en ce que la 

voie comprend au moins deux rails parall&les 
(51). 

12. Appareil suivant la revendication 11, compre- 
40 nant, en outre, un dispositif de detection (231, 

233) pour determiner la position des plaques 
sur la voie. 

13. Appareil suivant la revendication 12, caract^ri- 
45 s6 en ce que le dispositif de detection (231, 

233) comprend un capteur k effet Hall. ; 

14. Appareil suivant I'une quelconque des revendi- 
cations 11 k 13, comprenant, en outre, une 

so plurality de supports (19) destines k supporter 
chacun une ou plusleurs plaques, les supports 
(19) etant mobiles lei long de la voie (51). 

15. Appareil suivant I'une quelconque des revendi- 
55 cations pr£cedentes, caracterise en ce que le 

dispositif d'Svacuation (49) comprend un 
moyen (109) pour soulever la plaque du sup- 
port. 
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16. Appareil suivant Tune quelconque des revendi- 
cations precedentes, caracterise en ce que le 
dispositif de d^placement (29, 39) comprend, 
en outre, un dispositif de tirage (53) pouvant 
§tre engage avec un support (19) pour trans- 5 
porter le support le long de la voie (51). 

17. Appareil suivant la revendication 16, caracteri- 
se en ce que le dispositif de tirage (53) com- 
prend une barre (55) pouvant etre engagSe 10 
dans un 6videment (95) d'un support (19). 

18. Appareil suivant Tune quelconque des revehdi- 
cations precedentes, comprenant, en outre, 

une poubelie (45) dans laquelle une plaque 75 
peut etre dechargSe apr&s que les resultats 
pour cette plaque ont 6ii determines. 

19. Appareil suivant ia revendication 18, compre- 
nant, en outre, des moyens (46A, 46B) pour 20 
signaler lorsque la poubelie (45) est pleine. 

20. Appareil suivant I'une quelconque des revendi- 
cations precedentes, comprenant, en outre, un 
dispositif de distribution (77, 171, 47) pour 25 
debitor des reactifs dans les plaques. 

21. Appareil suivant la revendication 20, compre- 
nant, en outre, un poste k reactifs, une plaque 
pouvant etre d£plac€e de la chambre d'incuba- 30 
tion vers le poste de distribution. 

2Z Appareil suivant la revendication 20 ou 21, 
caracterise en ce que le dispositif de distribu- 
tion comprend plusieurs sources de reactifs 35 
(173) et un jeu de tubes (165) s'etendant res- 
pectivement k partir des sources de reactifs 
(173) vers une t§te de distribution (47), 

23. Appareil suivant la revendication 22, caracteri- 40 
s6 en ce que le dispositif de distribution com- 
prend un moyen (171) pour refouler du fluide 
dans les tubes (165) pour en debitor du rSactif. 

24. Appareil suivant la revendication 22 ou 23, 45 
caracterise en ce que le dispositif de distribu- 
tion comprend, en outre, des valves (169) pour 
assurer un ecoutement dans un seul sens dans 

les tubes (165) et empecher tout Sgouttement. 

60 

25. Appareil suivant la revendication 24, caracteri- 
$6 en ce que ies valves (169) comprennent 
une valve a bee de canard double pour chacun 
des tubes (165). 

55 

26. Appareil suivant Tune quelconque des revendi- 
cations 23 k 25, caracterise en ce que le 
moyen (171) destine a deplacer du fluide dans 



les tubes comprend un soienoTde (177) asso- 
c\6 k chacun des tubes (165), qui peut etre 
actionne pour debitor une quantity pr£d£termi- 
r\6e de r^actif. 

27. Appareil suivant Tune quelconque des revendi- 
cations 22 k 26, comprenant, en outre, un 
dispositif de detection (175A, 175B) pour de- 
terminer lorsque la quantite d'un r6actif tombe 
en dessous d'un niveau predetermine. 

28. Appareil suivant Tune quelconque des revendi- 
cations 22 k 27, caracterise en ce qu'une ou 
plusieurs des sources de reactifs comprennent 
un module remplagable. 

29. Appareil suivant Tune quelconque des revendi- 
cations 22 k 28, caracterise en ce que le 
dispositif de d£placement comprend deux rails 
paralieies (51) et le dispositif de distribution 
comprend une tete de distribution (47) montee 
generalement au-dessus d'un des rails et un 
dispositif (59) est pr£vu pour deplacer la tete 
de distribution d'un rail a ('autre. 

30. Appareil suivant la revendication 29, caracteri- 
se en ce que le dispositif destine k deplacer la 
tete de distribution comprend un troisifcme rail 
(61) dispose au-dessus de la paire de rails (51) 
et en substance k angle droit par rapport k 
celle-ci. 

31. Appareil suivant I'une quelconque des revendi- 
cations precedentes, caracterise en ce que le 
support (19) comprend un gabarit (119) pour 
faciliter ('apposition manuelle d'information 
d'identification sur le support, I'information 
d'identification pouvant §tre lue par le dispositif 
de traitement d'image. 

32. Appareil suivant I'une quelconque des revendi- 
cations precedentes, comprenant, en outre, 
une source lumineuse (41) pour envoyer de la 
lumifcre k travers des plaques pour tests, au 
poste d'inspection. 

33. Appareil suivant Tune quelconque des revendi- 
cations precedentes, caracterise en ce que la 
camera video (43) ou la source lumineuse (41) 
est dispos£e au-dessus du poste d'inspection, 
I'autre de ces elements etant dispose en des- 
sous du poste d'inspection. 

34. Appareil suivant la revendication 32 ou 33, 
caracterise en ce que la source lumineuse (41) 
est une lampe k cathode froide. 

35. Appareil suivant I'une quelconque des revendi- 
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cations 32 k 34, caracterise en ce que la 
source lumineuse (41) comprend une lame de 
diffusion destinSe k distribuer la lumifere en 
substance de manure ggaie sur te poste d'ins- 
pection. 

36. Appareil suivant Tune quelconque des revendi- 
cations pr£c£dentes, comprenant, en outre, un 
dispositif de filtrage (69) pour filtrer seiective- 
ment la lumi&re rogue par ia camera video en 
vue de determiner les couleurs pr£sentes dans 
au moins certains des puits. 

37. Appareil suivant ia revendication 36, caracteri- 
se en ce que le dispositif de filtrage (69) 
comprend egalement un filtre de density neu- 
tre. 

38. Appareil suivant la revendication 36 ou 37, 
caracterise en ce que le dispositif de filtrage 
(69) est dispose du meme cote du poste d'ins- 
pection que la camera vid^o (43). 

39. Appareil suivant la revendication 38, caracteri- 
se en ce que le dispositif de filtrage (69) et la 
camera video (43) sont disposes en dessous 
du poste d'inspection (37). 

40. Appareil suivant ia revendication 1 , dans lequel 
le support (19) comprend un cadre relative- 
ment rigide (97) delimitant une ou plusieurs 
ouvertures centrales (101, 103) destinees k 
recevoir une plaque pour tests microbiologi- 
ques, le cadre comportant deux epaulements 
paralieies opposes (133, 135) et un cran (95), 
le dispositif de defacement (29, 39) compre- 
nant, en outre, deux rails parall&les (91 , 93) et 
un moyen d'entratnement (55), les epaule- 
ments paral&les (133, 135) du cadre (97) etant 
k meme, en service, de glisser sur les rails 
paralieies (91, 93), le dispositif de deplacement 
(29, 39) et le cran cooperant avec le moyen 
d'entratnement (55) pour deplacer le cadre 
(97) le long des rails. 

41. Appareil suivant la revendication 40, caracteri- 
se en ce que le cadre (97) definit deux ouver- 
tures (101, 103) separees par une traverse 
(99), chaque ouverture etant k meme de rece- 
voir une plaque. 

42. Appareil suivant la revendication 41, caracteri- 
se en ce que les ouvertures (101, 103) sont 
dimensionnees pour recevoir deux plaques dif- 
terentes. 

43. Appareil suivant la revendication 41 ou 42, 
comprenant; en outre, des moyens d'acces 



faisant partie integrante du cadre pour permet- 
tre I'enldvement d'une plaque seulement du 
support (19). 

5 44. Appareil suivant la revendication 43, caracteri- 
se en ce que les moyens d'acc&s compren- 
nent deux encoches (107) qui s'etendent vers 
le bas k partir du bord superieur du cadre. 

10 45. Appareil suivant Tune quelconque des revendi- 
cations 41 k 44, caracterise en ce que le cadre 
comprend une ou plusieurs saillies (115) desti- 
nees k maintenir au moins une des plaques en 
place. 

46. Appareil suivant Tune quelconque des revendi- 
cations 40 k 45, caracterise en ce que le cadre 
(97) comprend un moyen (117) qui en fait 
partie integrante et qui s'etend generalement 
20 vers Texterieur k partir d'un cote du cadre 
pour assurer une orientation preteree pour le 
support. 

. 47. Appareil suivant Tune quelconque des revendi- 
25 cations 40 k 46, caracterise en ce que le cran 

(95) comprend un evidement menage dans un 
epaulement de la paire d'epaulements du ca- 
dre. 

30 48. Appareil suivant la revendication 47, caracteri- 
se en ce que le cadre comprend une rampe 
(121) s*etendant vers le haut et disposes k 
proximite de revidement. 

35 49. Appareil suivant la revendication 47 ou 48, 
caracterise en ce que les epaulements de la 
paire comprennent tous deux un evidement. 

50. Procede pour analyser automatiquement des 

40 tests prepares dans des plaques pour tests 
microbiologiques, comme des plaques de sen- 
sibilite et des plaques d f identification, les pla- 
ques comportant chacune une plurality de 
puits, suivant lequel au moyen d'une camera 

45 video, on forme une image d'une plaque k lire, 
on n'analyse eiectroniquement que des zones 
d'interet predeterminees dans Timage produite 
par ia camera, ces zones d'inter§t etant en 
substance singes dans les confins des puits 

so de la plaque, on determine eiectroniquement, 
pour chaque puits interessant, si une zone 
d'interet presente une valeur associee qui ex- 
c^de un seuil predetermine pour cette zone 
d'interet, et on attribue eiectroniquement un 

55 resultat partiel binaire k chaque puits sur base 
du fait qu'un seuil predetermine pour chaque 
zone d'inter§t correspondante est depasse, ca- 
racterise en ce qu'on prepare les tests dans 

17 
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une plaque ^identification et une plaque de 
sensibility qui sont montees chacune dans un 
support commun et on deplace automatique- 
ment le support commun vers un poste d'ins- 
pection ou une des plaques pour tests est 
analysSe eiectroniquement k un premier ins- 
tant pr£d6termin£ et est retiree du support, et 
I'autre plaque pour tests est alors analyses 
eiectroniquement k un second instant pnSdy- 
termine ultSrieur. 

51. Procede suivant la revendication 50, caracteri- 
se en ce que reparation consistant k analyser 
des zones d'interet pr4d4termin4es comprend 
I'analyse, dans une plaque, de zones pour au 
moins deux puits differents, qui sont de formes 
difterentes. 

52. Procede suivant la revendication 51 ou 52, 
caracterise en ce qu'au moins deux puits d'in- 
teret comportent des seuils predetermines dif- 
ferents. 

53. Procede suivant Tune quelconque des revendi- 
cations 50 k 52, comprenant, en outre, Top6ra- 
tion qui consiste k interposer au moins un filtre 
optique entre une plaque dans le poste d'ins- 
pection et la camera video, de sorte que le 
rgsultat partiel binaire pour au moins un puits 
d'interet peut indiquer si un changement de 
couleur s'est produit dans le puits. 

54. Procede suivant Tune quelconque des revendi- 
cations 50 k 53, caracte rise en ce que les 
plaques portent un symbole de produit d'iden- 
tification et en ce qu*il comprend, en outre, 
('operation consistant k determiner yiectroni- 
quement le type particulier de plaque present 
au poste d'inspection en traitant rimage, pro- 
duit© par la camera video, du symbole de 
produit d'identification sur ia plaque. 

55. Proc6de suivant la revendication 54, caracteri- 
se en ce que I'operation de determination 
comprend I'analyse eiectronique des images 
uniquement dans des zones pr£d£termin£es 
ou le symbole de produit est situe. 

56. Precede suivant Tune quelconque des revendi- 
cations 50 k 55, caracterise en ce que la 
plaque comprend un endroit permettant recri- 
ture k la main et en ce qu'il comprend, en 
outre, I'operation consistant k lire par voie 
eiectronique recriture en traitant au moins une 
zone d'interet predetermine© dans I'image cor- 
respondant k la position de recriture. 

57. Procede suivant la revendication 56, caracteri- 



se en ce que ia position de recriture dans 
Timage comprend plusieurs zones d'interet 
pour chaque symbole de recriture et Itera- 
tion consistant k lire recriture par voie eiectro- 
5 nique comprend une lecture eiectronique de 

chaque symbole. 

58. Procede suivant I'une quelconque des revendi- 
cations 50 k 57, caracterise en ce que I'6p6ra- 

io tion de determination comprend la determina- 
tion, dans la zone d'interet, du nombre de 
pixels qui ont une tension excedant une ten- 
sion predetermine© et f attribution d'un rdsultat 
partiel binaire k chaque puits sur base du 

75 nombre de pixels qui exc&de la tension prede- 
termines. 

59. Procede suivant I'une quelconque des revendi- 
cations 50 k 58, comprenant, en outre, I'opera- 

20 tion consistant k stocker un niveau lumineux 
de fond pour chaque pixel au moins dans les 
zones d'interet, afin de tenir compte de la 
variability spatiale de la lumifere. 

25 60. Procede suivant i'une quelconque des revendi- 
cations 50 k 59, caracterise en ce que Itera- 
tion consistant & preparer les tests comprend 
('incubation des plaques pendant un temps 
predetermine et en ce qu'il comprend, en ou- 

30 tre, ('operation consistant k analyser une ima- 
ge video de la plaque avant une incubation 
significative de celle-ci, afin de determiner des 
valeurs de iigne de base pour cette plaque. 

35 61- Procede suivant la revendication 60, compre- 
nant, en outre, ('operation consistant k compa- 
rer les valeurs de Iigne de base pour chaque 
puits avec des valeurs de chaque puits apr&s 
incubation. 

40 

62. Procede suivant I'une quelconque des revendi- 
cations 50 k 61 , comprenant, en outre, I'opera- 
tion consistant k determiner i'identite d'un 
micro-organisme en analysant eiectronique- 

45 ment les resultats partiels binaires des puits 

individuels des plaques d'identification. 

63. Procede suivant I'une quelconque des revendi- 
cations 50 k 62, comprenant, en outre, I'opera- 

50 tion consistant k determiner la sensibility d'un 
micro-organisme en analysant eiectronique- 
ment les resultats partiels binaires des puits 
individuels des plaques de sensibility. 

55 64. Procede suivant I'une quelconque des revendi- 
cations 50 k 63, comprenant, en outre, les 
operations consistant k analyser sequentielle- 
ment par voie eiectronique les puits d'interet 
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dans une plaque en vue de produire une serie 
de r£sultats partiels binaires. 

65. Proc6d£ suivant Tune quelconque des revendi- 
cations 50 k 64, comprenant I'operation s 
consistant k programmer les emplacements 
relatifs des zones d'interit predetermines. 

66. Proc6d£ suivant Tune quelconque des revendi- 
cations 50 k 65, comprenant I'operation w 
consistant k programmer la forme des zones 
d'interet pr6d6termin6es. 

67. Procede suivant Tune quelconque des revendi- 
cations 50 k 66, caracteris€ en ce que l'op€ra- 75 
tion consistant k preparer les plaques pour 
tests comprend le placement des plaques 
dans un incubateur avant leur analyse eiectro- 
nique et Tenregistrement eiectronique de 
I'identite et de la position d'une plaque dans 20 
I'incubateur aprfcs sa mise en place dans ce 
dernier. 

68. Procede suivant la revendication 67, compre- 
nant, en outre, les operations consistant k 25 
transporter la plaque de I'incubateur vers un 
poste d'inspection, k determiner I'identite de la 
plaque en traitant I'image video et k transpor- 
ter la plaque en retour vers I'incubateur. 

30 

69. Procede suivant Tune quelconque des revendi- 
cations 50 a 68, comprenant I'operation sup- 
plemental qui consiste k reconnaltre eiectro- 
niquement des combinaisons illogiques de re- 
sultats partiels binaires et k signaler ce fait. 35 

70. Proc4d£ suivant la revendication 69, compre- 
nant rop€ration suppiementaire consistant k 
retenir la plaque lorsqu'une combinaison illogi- 

que est detectee. 40 

PatentansprUche 

1. Mikrobiologische Testvorrichtung, umfassend 
eine Inkubationzkammer (13) zum Inkubieren 45 
mehrerer mikrobiologischer Schalen, wobei 
jede Schaie eine Vielzahl von NSpfchen auf- 
weist, eine Untersuchungsstation (37), an der 
die Testschalen untersucht werden konnen, 
und Bewegungsmittel (29, 39), urn bei Bedarf 50 
eine beliebige vorbestimmte Testschale von 
der Inkubationskammer (13) zur Untersu- 
chungsstation (37) bewegen zu konnen, 
dadurch gekennzeichnet, dafl die Bewe- 
gungsmittel Schienenmittel (57) und minde- 55 
stens einen Trager (19) umfassen, wobei der 
TrSger eine Testschale an einer ersten Posi- 
tion (101) und eine Testschale an einer zweiten 



Position (103) tragen kann, Entnahmemittel 
(49) vorgesehen sind, die die Testschale von 
der ersten Position entnehmen konnen, ohne 
die Testschale von der zweiten Position zu 
entnehmen, und 

die Vorrichtung Mittel einzchlieUt. die eine Vi- 
deokamera (43) zum Erzeugen eines Bilds von 
Testschalen an der Untersuchungsstation (37) 
und Mittel zum Verarbeiten (73) dieses Bilds 
zur Ermittlung von Testergebnissen umfassen. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, da£ die Inkubationskammer (13) ver- 
tikal angeordnet ist, wobei die Schalen in der 
Inkubationskammer Ubereinander stapelbar 
sind, und 

die Bewegungsmittel (29, 39) einen Aufzug 
(27) zum Bewegen vorbestimmter Testschalen 
auf ein der Untersuchungsstation (37) entspre- 
chendes Niveau umfassen. 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet, da/5 die . Bewegungsmittel (29, 39) 
au/terdem Mittel (51. 53) zum Bewegen einer 
Schaie, die sich in der Inkubationskammer (13) 
auf dem der Untersuchungsstation (37) ent- 
sprechenden Niveau befindet, aus der Inkuba- 
tionskammer (13) zur Unterzuchungsstation 
(37) umfassen. 

4. Vorrichtung nach Anspruch 2 oder Anspruch 3, 
dadurch gekennzeichnet, da/3 mindestens ein 
Stapel von Schalen in dem Aufzug (27) ange- 
ordnet ist, wobei der Stapel von dem Aufzug 
(27) bewegt werden kann, urn vorbestimmte 
Testschalen auf das der Untersuchungsstation 
(37) entsprechende Niveau zu bringen. 

5. Vorrichtung nach Anspruch 2, 3 Oder 4, da- 
durch gekennzeichnet, daB die Schalen in min- 
destens zwei Stapeln in der Inkubationskam- 
mer angeordnet sind. 

6. Vorrichtung nach einem der vorhergehenden 
AnsprGche, au/terdem umfassend Mittel (89) 
zum Regeln der Feuchtigkeit in der Inkuba- 
tionskammer (13). 

7. Vorrichtung nach einem der vorhergehenden 
AnsprUche, au/terdem umfassend Fdhlermittel 
(223, 227) zur Bestimmung der Position des 
Aufzugs. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, da/J die FUhlermittel (223, 227) einen 
Halleffekt-Sensor umfassen. 

9. Vorrichtung nach einem der vorhergehenden 
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AnsprUche, dadurch gekennzeichnet, da/3 die 
Schalen im Aufzug (27) in Schlitzen (25) ange- 
ordnet sind und die Vorrichtung au/terdem 
FUhlermittel (219, 221) zum Nachweis, ob ein 
Schlitz von einer Schale besetzt ist, aufweist. 5 

10. Vorrichtung nach Anspruch 9, dadurch gekenn- 
zeichnet, da/J die FUhlermittel (219, 221) einen 
Photodioden-Sensor umfassen. 

10 

11. Vorrichtung nach einem der vorhergehenden 
AnsprOche, dadurch gekennzeichnet, dafl die 
Schienenmittel mindestens zwei parallel© 
Schienen (51) umfassen. 

15 

12. Vorrichtung nach Anspruch 11, au/terdem um- 
fassend FUhlermittel (231. 233) zur Bestim- 
mung der Position der Schalen auf den Schie- 
nenmitteln. 

20 

13. Vorrichtung nach Anspruch 12, dadurch ge- 
kennzeichnet, dau die FUhlermittel (231, 233) 
einen Halleffekt-Sensor umfassen. 

i 

14. Vorrichtung nach AnsprUchen 11 bis 13, au/ter- 25 
dem umfassend eine Vielzahi der Trager (19) 
zum Tragen jeweils einer oder mehrerer Scha- 
len, wobei die Trager (19) langs der Schienen- 
mittel (51) verschiebbar sind. 

30 

15. Vorrichtung nach einem der vorhergehenden 
AnsprUche, dadurch gekennzeichnet, da/3 die 
Entnahmemittel (49) Mittel (109) zum Abheben 
der Schale vom Trager umfassen. 

16. Vorrichtung nach einem der vorhergehenden 
AnsprUche, dadurch gekennzeichnet, da/3 die 
Bewegungsmittel (29, 39) au/terdem Zugmittel 
(53) umfassen, die in einen Trager (19) ein- 
greifen konnen, urn den Trager entlang der 40 
Schienenmittel (51) zu transportieren. 

17. Vorrichtung nach Anspruch 16, dadurch ge- 
kennzeichnet, daft die Zugmittel (53) einen 
Stab (55) umfassen, der in eine Ausnehmung 45 
(95) eines TrSgers (19) eingreifen kann. 

18. Vorrichtung nach einem der vorhergehenden 
AnsprUche, au/terdem umfassend einen Abfall- 
behMlter (45), in den eine Schale weggeworfen 50 
werden kann, nachdem die Ergebnisse fUr die- 

se Schale bestimmt worden sind. 

19. Vorrichtung nach Anspruch 18, au/terdem um- 
fassend Mittel (46A, 46B) zum Anzeigen, wann 55 
der Abfallbehalter (45) voll ist. 

20. Vorrichtung nach einem der vorhergehenden 



AnsprUche, au/Jerdem umfassend Abgabemit- 
tel (77, 171, 47) zum ZufUhren von Reagentien 
zu den Schalen. 

21. Vorrichtung nach Anspruch 20, au/terdem um- 
fassend eine Reagensstation, wobei eine Scha- 
le von der Inkubationskammer zu der Abgabe- 
station bewegbar ist. 

22. Vorrichtung nach Anspruch 20 Oder Anspruch 
21, dadurch gekennzeichnet, da/3 die Abgabe- 
mittel eine Vielzahi von Reagensquellen (173) 
und einen Satz Rohrleitungen (165) umfassen, 
wobei sich die Rohrleitungen entsprechend 
von der Vielzahi der Reagensquellen (173) zu 
einem Abgabeikopf (47) erstrecken. 

23. Vorrichtung nach Anspruch 22, dadurch ge- 
kennzeichnet, da/5 die Abgabemittel Mittel 
(171) zum Fordern von Fluid durch die Rohrlei- 
tungen (165) zum Abgeben von Reagentien 
aus den Rohrleitungen umfassen. . 

24. Vorrichtung nach Anspruch 22 oder Anspruch 
23, dadurch gekennzeichnet, dafl die Abgabe- 
mittel au/terdem Ventilmittel (169) umfassen, 
urn einen Ein-Richtungs-Flu/3 durch die Rohr- 
leitungen (165) bereitzustellen und ein Abtrop- 
fen aus den Rohrleitungen zu verhindern. 

25. Vorrichtung nach Anspruch 24, dadurch ge- 
kennzeichnet, da/3 die Ventilmittel (169) ein 
Zweifach-Klappenventil fUr jede Rohrleitung 
(165) umfassen. 

26. Vorrichtung nach einem der AnsprUche 23 bis 

25, dadurch gekennzeichnet, da/3 die Mittel 
(171) zum_F5rdern von Fluid durch die Rohrlei- 
tungen einen mit jeweils einer Rohrleitung 
(165) asoziierten Hubmagnet (177) umfassen, 
der zum Abgeben einer vorbestimmten Menge 
Reagens betStigbar ist. 

27. Vorrichtung nach einem der AnsprUche 22 bis 

26, au/terdem umfassend FUhlermittel (175A, 
175B) zum Nachweis, wann die Menge eines 
Reagens unter ein vorbestimmtes Niveau fallt. 

28. Vorrichtung nach einem der AnsprUche 22 bis 

27, dadurch gekennzeichnet, da£ eine oder 
mehrere der Reagensquellen ein auswechsel- 
bares Modul ist. 

29. Vorrichtung nach einem der AnsprUche 22 bis 

28, dadurch gekennzeichnet, da/3 die Bewe- 
gungsmittel (29, 39) zwei parallels Schienen 
(51) und die Abgabemittel einen im atlgemei- 
nen oberhalo einer der Schienen angeordneten 
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Abgabekopf (47) umfassen und Mittel (59) zum 
Verschieben des Abgabekopfs von einer zu 
der anderen Schiene vorgesehen sind. 

30. Vorrichtung nach Anspruch 29, dadurch ge- 5 
kennzeichnet, daB die Mittel zum Verschieben 

des Abgabekopfs eine dritte Schiene (61) um- 
fassen, die oberhalb von und im aligemeinen 
rechtwinklig zu dem Paar Schienen (51) ange- 
ordnet ist. w 

31. Vorrichtung nach einem der vorhergehenden 
AnsprUche, dadurch gekennzeichnet, daB der 
TrSger (19) eine Schabione (119) umfaBt, urn 

das manueiie Anbringen von Identifizierungs- 75 
daten an dem TrSger zu erleichtern, wobei die 
Identifizierungsdaten mit den Bildverarbei- 
tungsmitteln lesbar sind. 

32. Vorrichtung nach einem der vorhergehenden 20 
AnsprUche, auBerdem umfassend eine Licht- 
quelle (41), urn ein Durchstrahlen mit Licht von 
Testschalen an der Untersuchungsstation zu 
verursachen. 

25 

33. Vorrichtung nach einem der vorhergehenden 
AnsprUche, dadurch gekennzeichnet, daJ3 ent- 
weder die Videokamera (43) oder die Licht- 
quelle (41) oberhalb der Untersuchungsstation 

und die jeweils andere unterhalb der Untersu- 30 
chungsstation angeordnet sind. 

34. Vorrichtung nach Anspruch 32 oder 33, da- 
durch gekennzeichnet, da/3 die Lichtquelle (41) 
eine Kaltkathodenlampe ist. 35 

35. Vorrichtung nach einem der AnsprUche 32 bis 
34, dadurch gekennzeichnet, daB die Lichtquel- 
le (41) eine Diffusorplatte umfaBt, urn Licht im 
wesentlichen gleichmaBig Ober die Untersu- 40 
chungsstation zu verteilen. 

36. Vorrichtung nach einem der vorhergehenden 
AnsprUche, auBerdem umfassend Filtermittel 

(69) zum selektiven Rltem des von der Video- 45 
kamera empfangenen Lichts, urn in wenigstens 
einigen der Napfchen vorhandene Farben zu 
bestimmen. 

37. Vorrichtung nach Anspruch 36, dadurch ge- so 
kennzeichnet, daB die Filtermittel (69) auch ein 
neutrales IntensitMtsfilter umfassen. 

38. Vorrichtung nach Anspruch 36 oder Anspruch 

37, dadurch gekennzeichnet, daB die Filtermit- 55 
tel (69) auf derselben Seite der Untersu- 
chungsstation wie die Videokamera (43) ange- 
ordnet sind. 



39. Vorrichtung nach Anspruch 38, dadurch ge- 
kennzeichnet, daB die Filtermittel (69) und die 
Videokamera (43) unterhalb der Untersu- 
chungsstation (37) angeordnet sind. 

40. Vorrichtung nach Anspruch 1, wobei der TrS- 
ger (19) einen relativ starren Rahmen (97) um- 
faBt, der eine Oder mehrere mittige Aussparun- 
gen (101, 103) zur Aufnahme der mikrobiologi- 
schen Testschale begrenzt, wobei der Rahmen 
ein Paar gegenUberiiegender paralleler Vor- 
sprUnge (133, 135) und Rastmittel (95) auf- 
weist, und die Bewegungsmittel (29, 39) auBer- 
dem ein Paar paralleler Schienen (91, 93) und 
Antriebsmittel (55) umfassen, wobei die paral- 
lelen VorsprUnge (133, 135) des Rahmens (97) 
geeignet sind, auf den parallelen Schienen (91, 
93) der Bewegungsmittel (29, 39) zu laufen, 
und die Rastmittel mit den Antriebsmitteln (55) 
zusammenwirken, urn den Rahmen (97) ent- 
lang der Schienen zu bewegen. 

41. Vorrichtung nach Anspruch 40, dadurch ge- 
kennzeichnet, daB der Rahmen (97) zwei durch 
einen Quersteg (99) getrennte Aussparungen 
(101, 103) begrenzt, wobei jede Aussparung 
zur Aufnahme einer Schale geeignet ist. 

42. Vorrichtung nach Anspruch 41, dadurch ge- 
kennzeichnet, daB die GroBe der Aussparun- 
gen (101, 103) so gewShlt ist, da£ sie zwei 
verschiedene Schalen aufnehmen konnen. 

43. Vorrichtung nach Anspruch 41 oder Anspruch 
42, auBerdem umfassend einstUckig in dem 
Rahmen ausgebildete Zugriffsmittel, urn das 
Entnehmen nur einer der Schalen von den 
TrSgermitteln (19) zu erlauben. 

44. Vorrichtung nach Anspruch 43, dadurch ge- 
kennzeichnet, daB die Zugriffsmittel zwei 
Schlitze (107) umfassen, die sich vom oberen 
Rand des Rahmens nach unten erstrecken. 

45. Vorrichtung nach einem der AnsprUche 41 bis 

44, dadurch gekennzeichnet, daB der Rahmen 
eine oder mehrere Nasen (115) umfaBt, urn 
wenigstens eine der Schalen in Position zu 
halten. 

46. Vorrichtung nach einem der AnsprUche 40 bis 

45, dadurch gekennzeichnet, daB der Rahmen 
(97) Mittel (117) umfaBt, die einstUckig mit 
dem Rahmen sind und im aligemeinen von 
einer Seite des Rahmens hervorstehen, urn 
eine bevorzugte Orientierung des Tr&gers an- 
zugeben. 
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47. Vorrichtung nach einem der AnsprGche 40 bis 
46, dadurch gekennzeichnet, da£ die Rastmit- 
tel (95) eine Ausnehmung umfassen, die in 
einem der VorsprUnge des Paars VorsprUnge 

des Rahmens ausgebildet ist. s 

48. Vorrichtung nach Anspruch 47 t dadurch ge- 
kennzeichnet, da/3 der Rahmen eine aufwarts- 
gerichtete, an die Ausnehmung angrenzende 
Rampe (121) umfaBt. w 

49. Vorrichtung nach Anspruch 47 Oder Anspruch 
48, dadurch gekennzeichnet. dafl beide Vor- 
sprUnge des Paars VorsprUnge eine Ausneh- 
mung umfassen. is 

50. Verfahren zum automatischen Analysieren von 
Tests, die in mikrobiologischen Testschalen, 
wie Suszeptibilitatsschalen und Identifizie- 
rungsschaien bereitgesteltt sind, wobei die 20 
Schalen jeweils eine Vielzaht von Napfchen 
aufweisen, umfassend die Schritte des Anferti- 
gens eines Bildes einer auszuwertenden Scha- 

le mit einer Videokamera, 

eines elektronischen Analysierens nur von vor- 25 
bestimmten interessierenden Bereichen in dem 
von der Kamera gemachten BiJd, wobei die 
interessierenden Bereiche im wesentlichen in- 
nerhalb der Umrisse der SchalennSpfchen lie- 
gen, eines elektronischen Ermitteins fUr jedes 30 
interessierende Napfchen, ob ein interessieren- 
der Bereich darin einen zugehorigen Wert auf- 
weist, der einen vorbestimmten Schwellenwert 
fGr diesen interessierenden Bereich Uber- 
schreitet, und eines elektronischen Zuordnens 35 
eines binSren Teilergebnisses zu jedem NSpf- 
chen, ausgehend davon, ob jeweils fUr den 
zugehorigen interessierenden Bereich. ein vor- 
bestimmter Schwellenwert Gberschritteh wird, 
dadurch gekennzeichnet, da/3 die Tests in 40 
einer Identifizierungsschale und einer Suszepti- 
bilitatsschale bereitgesteltt werden, die beide 
in einem gemeinsamen TrSger angeordnet 
sind, und der gemeinsame TrMger automatisch 
zu einer Untersuchungsstation bewegt wird, bei 45 
der eine der Testschalen zu einer ersten vor- 
bestimmten Zeit elektronisch analysiert und 
vom TrSger entnommen wird, und bei der die 
andere Testschale zu einer spateren, zweiten 
vorbestimmten Zeit elektronisch analysiert 50 
wird. 

51. Verfahren nach Anspruch 50, dadurch gekenn- 
zeichnet, da/3 der Schritt des Analysierens vor- 
bestimmter interessierender Bereiche das Ana- 55 
lysieren von Bereichen wenigstens zweier ver- 
schiedener, eine unterschiedliche Form aufwei- 
sender Napfchen einer Schale umfaflt. 

22 



52. Verfahren nach Anspruch 51 oder Anspruch 
52, dadurch gekennzeichnet, da/3 wenigstens 
zwei interessierende Napfchen verschiedene 
vorbestimmte Schwellenwerte haben. 

53. Verfahren nach einem der AnsprGche 50 bis 

52, umfassend den weiteren Schritt eines Ein- 
fUgens wenigstens eines optischen Filters zwi- 
schen eine in der Untersuchungsstation befind- 
liche Schale und die Videokamera, so da£ das 
binMre Teilergebnis fOr wenigstens ein interes- 
sierendes NMpfchen aussagen kann, ob in dem 
NSpfchen ein Farbwechsel aufgetreten ist. 

54. Verfahren nach einem der AnsprGche 50 bis 

53, dadurch gekennzeichnet, da/3 

die Schalen ein Produktidentifizierungs-Symboi 
aufweisen und 

da/3 das Verfahren au/terdem den Schritt eines 
elektronischen Ermitteins des speziellen, an 
der Untersuchungsstation anwesenden Scha- 
lentyps durch Verarbeiten des von der Video- 
kamera erzeugten Bilds des 
Produktidentifizierungs-Symbols an der Schale 
umfaflt. 

55. Verfahren nach Anspruch 54, dadurch gekenn- 
zeichnet, da/J der Ermittlungsschritt ein elektro- 
nisches Analysieren der Bilder nur an vorbe- 
stimmten Bereichen, an denen sich das Pro- 
duktsymbol befindet, umfa5t. 

56. Verfahren nach einem der AnsprGche 50 bis 
55, dadurch gekennzeichnet, da/3 die Schale 
eine Stelle umfa/3t, auf die manuell geschrie- 
ben werden kann, und 

da/3 das Verfahren au/3erdem den Schritt eines 
elektronischen Lesens der Aufschrift durch 
Verarbeiten wenigstens eines vorbestimmten, 
der Position der Aufschrift entsprechenden in- 
teressierenden Bereichs in dem Bild umfaflt. 

57. Verfahren nach Anspruch 56, dadurch gekenn- 
zeichnet, da/3 die Position der Aufschrift in 
dem Bild fGr jedes Symbol der Aufschrift meh- 
rere interessierende Bereiche umfaBt, und der 
Schritt des elektronischen Lesens der Auf- 
schrift ein elektronisches Lesen jedes Symbols 
umfaBt. 

58. Verfahren nach einem der AnsprGche 50 bis 
57. dadurch gekennzeichnet. da/3 der Ermitt- 
lungsschritt ein Ermitteln der Anzahl der Bild- 
punkte in dem interessierenden Bereich, die 
eine eine vorbestimmte Spannung Gberstei- 
gende Spannung aufweisen, und ein Zuordnen 
eines binSren Teilergebnisses zu jedem NMpf- 
chen, ausgehend von der Anzahl der Bildpunk- 
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te, die die vorbestimmte Spannung Qberstei- 
gen, umfaBt. 

59. Verfahren nach einem der AnsprQche 50 bis 

58, auBerdem umfassend den Schritt eines 5 
Speicherns einer Lichtuntergrund-lntensitSt fur 
jeden Bitdpunkt, und zwar wenigstens in den 
interessierenden Bereichen, urn eine raumliche 
Ungleichffirmigkeit des Licht zu berOcksichti- 
gen. w 

60. Verfahren nach einem der AnsprUche 50 bis 

59, dadurch gekennzeichnet, da/3 der Schritt 
des Bereitsteliens der Tests ein Inkubieren der 
Schalen fOr eine vorbestimmte Zeit und aufler- 15 
dem den Schritt eines Anaiysierens eines Vi- 
deobilds der Schale vor einer signifikanten In- 
kubation der Schale zur Bestimmung von Be- 
zugswerten fUr diese Schaie umfaBt. 

61. Verfahren nach Anspruch 60, auflerdem umfas- 
send den Schritt eines Vergleichens der Be- 
zugswerte jedes Napfchens mit den nach der 
Inkubation gewonnenen Werten des jeweiligen 
Napfchens. 25 

62. Verfahren nach einem der AnsprQche 50 bis 

61, auBerdem umfassend den Schritt eines Er- 
mittelns der IdentitSt eines Mikroorganismus 
durch elektronisches Analysieren der binaren 30 
Teilergebnisse der einzelnen 
Identifizierungsschalen-NSpfchen. 

63. Verfahren nach einem der AnsprQche 50 bis 

62, auBerdem umfassend den Schritt eines Er- 35 
mittelns der Suszeptibilit^t eines Mikroorganis- 
mus durch elektronisches Analysieren der bi- 
nSren Teilergebnisse der einzelnen 
Suszeptibilitatsschalen-Napfchen. 

40 

64. Verfahren nach einem der AnsprQche 50 bis 

63, aufterdem umfassend die Schritte eines 
sequentiellen elektronischen Anaiysierens der 
interessierenden Napfchen in einer Schale zur 
Erzeugung einer Serie von binSren Teilergeb- 45 
nissen. 

65. Verfahren nach einem der AnsprQche 50 bis 

64, umfassend den Schritt eines Programmie- 
rens der Relativpositionen der vorbestimmten 50 
interessierenden Bereiche. 

66. Verfahren nach einem der AnsprQche 50 bis 

65, umfassend den Schritt eines Programmie- 
rens der Form der vorbestimmten interessie- 55 
renden Bereiche. 

67. Verfahren nach einem der AnsprQche 50 bis 



66, dadurch gekennzeichnet, daJ3 der Schritt 
des Bereitsteliens der Testschalen ein Plazie- 
ren der Schalen in einem Inkubator vor der 
elektronischen Analyse der Schalen und ein 
elektronisches Aufzeichnen der Identitat und 
der Position einer Schale im Inkubator, nach- 
dem diese in den Inkubator eingebracht wurde, 
umfaBt. 

68. Verfahren nach Anspruch 67, auflerdem umfas- 
send die Schritte eines Transportierens der 
Schale vom Inkubator zur Untersuchungssta- 
tion, eines Ermittelns der IdentitSt der Schale 
durch Verarbeitung des Videobilds und eines 
Transportierens der Schale zurQck zum Inku- 
bator. 

69. Verfahren nach einem der AnsprQche 50 bis 
68, umfassend die weiteren Schritte eines 
elektronischen Erkennens nicht sinnvoller Kom- 
binationen binarer Teilergebnisse und eines 
Anzeigens dieses Sachverhalts. 

70. Verfahren nach Anspruch 69, umfassend den 
weiteren Schritt eines ZurOckhaltens der Scha- 
le, wenn eine nicht sinnvolle Kombination ge- 
funden wird. 
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